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1 • OCHOBHbiE nPI1HL\I-1nbt 

PacCMOTp~M CBH3HWA C~MMeTp~4eCK~A rpa¢ G=(X,U) C MHOmecT
BOM eepw~H X ~ MHOmecTBOM pe6ep U /pe6po 3aAaeTCH napoA CBO~X 
rpaH~4HWX eepw~H/. C KamAoA eepw~HoA x 1 ~X acco~~~poeaH sec 
W 1 , c KamAbtM pe6poM (x 1,x i)~U - sec W ij. Bee npeAcTaenneT 
co6oA nOilHYIO C~CTeMy JlOKaJlbHbiX xapaKTep~CT~K eepuJ~Hbl ~Il~ pe6pa 
~ MOmeT 6b!Tb 06"beKTOM mo6oA np~POAbl - CKaJlHpOM, BeKTOPOM, 6~
TOBWM Ha6opOM ~ T.n. 0AHY ~3 eepw~H rpa¢a Ha30BeM KOpHeM. Tor
Aa n106oe Aepeeo T=(X,t), t CU 3aAaeT enonHe onpeAeneHHbtA 
4aCT~4HWA nopHAOK / l / Ha MHOmeCTBe CBO~X eepw~H /a CileAOBa
TeJlbHO- ~ Ha MHOmeCTBe pe6ep/, nOCKOJlbKy B03H~KaiOT nOHHT~H 
"6n~me K KOPHI0 11

, "AailbWe OT KOPHH 11
• CaM KOpeHb BbiCTynaeT B Ka-

4eCTBe Ha~MeHbWero 3JleMeHTa 4aCT~4HO ynopRA04eHHOrO MHOmeCTBa 
eepw~H. I-1Ha4e roeopn, ecn~ yKa3aH KopeHb, TO Aepeeo rpa¢aG 
MOmHo paccMaTp~BaTb KaK op~eHT~poeaHHOe Aepeeo c pe6paM~, Ha
npaeneHHbtM~ OT KOpHH. JlerKO 3aMeT~T b, 4TO np~ 3TOM KamAOA eep
W~He /3a ~CKill04eH~eM KOpHH/ ~H~~AeHTHO B T04HOCT~ OAHO BXOAH
Uiee pe6po. Bee pe6pa, ~H~~AeHTHbte KOPHIO, - ~cXOAHIJII1e. 

OnpeAeil~M 11 TOK11 11 j ki Ha pe6pax Aepeea 11 ero Ka4ecTBO F: 

j k. = w . + l J (j. p , w .o ) , 
I I Xj < X f I ll 

/1/ 

F = I l f(j .o , w. 0) I . 
(xi,xp)~t JC I' 

/2/ 

B /2/ cyMM~poeaH~e npo~3BOA~TcH no seeM pe6paM Aepeea, e pe
KyppeHTHoA ¢opMyJle /1/ - no BCeM pe6paM, 11CXOAHIJI~M 113 Bepw~

Hbl Xi. J ~ f - 3aAaHHWe ¢YHK~~:-1, He 3aB~CHIJI~e OT Bw6opa Ae
peea. 4To KacaeTcH caMoA onepa~~~ cyMM~poeaHI1H, 3TO He o6H3a
TeilbHO api1¢MeTI14ecKoe cyMM~poeaH11e; AOnycTI1Ma n106an acco~l1a

T~BHan ~ KOMMyTaT~BHaH onepa~11H, Tl1nbt onepa~~A B /1/ 11 /2/ 
MoryT 6biT b pa3Jl~4HbiMI1. 04eB~AHO, Ha pe6pax, ~H~11AeHTHbiX Il~CT b-
HM Aepeea, j ki = W 1 . Pe3yilbTaT cyMM~poeaH~H e /2/ onpeAenHeTcn 
Tl1nOM ¢YHK~~I1 f 11 ee apryMeHTOB ~, B006Uie roeOpH, MOmeT 6btTb 
o6"beKTOM npo~3BOilbHoA np~POAW, HO FAonmHa 6WTb HeOTP~~aTeilbHWM 
CKailHPOM. Mbl nOH~MaeM B3HTI1e MDAYilR B /2/ KaK OAH03Ha4Hyl0 
npo1.1eAYPY npeo6pa3oeaH~H e HeOTP11llaTe11bHbtA cKannp/~ He 6onee/. 

PaeeHCTBa I 1 I ~ /2/ BBOAHT KJlacc ¢YHK~~A Ka4ecTea, KOTOpbtA 
6yAeM Ha3weaTb KBa3~aAAI1T~BHwM. OrpaHI14eH~H MMetOT He aHailMTM-
4eCKMA, a 4MCTO KOHCTpyKTMBHWA xapaKTep, 3aAaiOT cnoco6 no
CTpOeHMH F no 3aAaHHbtM J M f. Bw4MCileHMe KBa3MaAAMTMBHOA ¢YHK-



4HH Ka4eCTBa c a0AHTCR K 3neMeHTapHOH TpaHC~OpMa4HH /Ha OA
HOM pe6pe/ H MO~eT 6~Tb peanH30BaHO C noMO~b~ YHHBepcanbHOrO 
anrOPHTMa, He 3aBHCR~ero OT KOHKpeTHOrO BHAa ~yHK4HH, 

OrpaHH4eHHR /1/, /2/ ocTaBnR~T AOCTaT04HO WHPOKY~ cao60AY 
AeHCTBHH. Uen~l1 PRA npaKTH4eCKHX 3aAa4 nonaAaeT a Haw Knacc. 
0AHH H3 ea~Hb!X npHMepoe - 3neKTPI-14ecKaR ceTb. nycTb W i - 3a
AaHH~e TOKI-1 noTpe6HTenel1 e aepWHHax rpa~a, Wif - conpoTHB
neHHR pe6ep. nono~HM J(j if• Wif)"" j if . TorAa /1/ onpeAenReT 
TOK Ha pe6pe (X , X i) Aepeea T. nonaraR f(j if, W if) = j 2f W ·f , 
HaHAeM, 4TO /2f onpeAenReT noTepl-1 MO~HOCTH Ha Aepeee 

1 
T.

1
EcnH 

3aAaH~ KOMnneKCH~e conpOTHBneHI-lR pe6ep \V ~f H eMKOCTHble 
c . . c . iW ~f 2 z 

yTe4KI-1 Wif, cneAyeT nono~HTb J=J 1e -1Wif ,f=(Jie--·-
2
--> Wif 

H nOHI-1MaTb MOAYnb e /2/ e o6bi4HOM CM~cne. Ecn~-1 F - HaAe~HOCTb 
Aepeea, a f - HaAe~HOCTb OAHOro pe6pa, cyMMY B /2/ cneAyeT 
nOHI-1MaTb KaK npOI-13BeAeHa-1e. 

3aAa4a onTHMI-13a41-1H B~rnRAHT cneAY~~HM o6pa30M: HaHTH Aepeeo 
T,AnR KOTOporo $YHK4HR Ka4eCTBa F YAOBneTBOpReT paeeHcTBY 

F=extF. 
II /3/ 

n 
3AeCb ext- min 1-1n11 max, nepe6op ocy~ecTBnReTcR no seeM 
AepeBbRM HCXOAHOro rpa~a G. 

H3BeCTHO peweHHe npocTe11wel1 TaKOH 3aAa411 121 - no11cK Aepeea 
c 3KCTpeManbHOH cyMMol1 aecoa pe6ep (f(j if' W if) = W if). 3aAa4a 
pewaeTCR nocneAOBaTenbH~M HCKn~4eHHeM 1-13 HCXOAHOro rpa~a pe-
6ep c HaHXYAWHMH aecaMH I c OAHOBpeMeHH~M KOHTponeM coxpaHeHHR 
CBR3HOCTH/. EcnH ~YHK4HR Ka4eCTBa HMeeT 6onee CnO~H~H BHA, 
nonHbiH nepe6op Aepeebea AnR noHcKa a6con~THoro onTHMyMa CTaHo
BHTCR HeH36e~H~M. C 3TOH 4en b~ Mbl BOCnon b30aanHC b 6~CTpb1M an
ropHTMOM nepe6opa acex 4aCTH4HbiX rpa¢oe c 3aAaHH~M 4HKnoMaTH-
4eCKHM 4HCnOM / 31,Ecn~ AOCTaT04HO HaHTH OTHOCHTenbH~H OnTHMYM, 
MO~Ho H36e~aTb nor.Horo nepe6opa H pewHTb 3aAa4y nocpeACTBOM 
penaKCa4HOHHoro MeTOAa, KOTOpbiH 3Aecb He paccMaTpHeaeTcR. OA
HaKo pa3pa6oTaHH~H HaMH o6~HH nOAXOA nonHOCTb~ COBMeCTHM C pe-
r.aKCa4HOHH~M MeTOAOM, 

2. CKAHHPOBAHHE AEPEBA H nP06nEMHWE nPOUEAYP~ 

EcTecTaeHH~I1 MeTOA peweHHR 3aAa4H /3/ - nepe6HpaTb AepeabR, 
cpaBHHBaR HX Ka4eCTBa H 3anOMHHaR ny4Wee H3 HHX. Ha nepB~H 
B3rnRA, HeRCHO , KaK HaHTH Ka4eCTBO KOHKpeTHOrO Aepeea, nocKOnb
KY 11TOKH 11 ~f , BXOARI.qHe B /2/, CBR3aH~ peKyppeHTHOH ¢opMy
nol1 /1/. HH~e ~ noKa~eM, 4TO 3Ta ¢opMyna nerKo pa3pewaeTcR, 
ecnH CKaHHPOBaTb AepeBO 8 HanpaaneHHH, o6paTHOM 4aCTH4HOMy 
nDPRAKY, T.e. OT nHCTbeB B KOpH~. 

2 

nycTb e~6paHO HeKOTOpoe Aepeeo T =(X' t)' t cu. nycTb L' 
M - MaccHBbl, acc04HHpoaaHHble c eepWHHaMH rpa~a, npH4eM L(i) =Wi, 

a 3neMeHT M(i) paeeH cTeneHH eepwHH~ xi e Aepeee T /T.e. 
paaeH 4HCny pe6ep, HH4HAeHTHbiX 3TOH eepWHHe/. npH6aaHM eAH
HH4Y K 3neMeHTY M(i), COOTBeTCTBy~eMy KOPH~ Aepeea. nycTb 
¢ - nepeMeHHaR, Ha4anbHOe 3Ha4eHHe KOTOPOH nyCTO. 6yAeM 
Tenepb cKaHHpoaaTb cnHCOK pe6ep Aepeea, o6o3Ha4HB 4epe3 
(xi,Xf) 04epeAHOe pe6po H nPHAep~HBaRcb cneAY~~Hx npaeHn: 
1. EcnH M(i) I= 1 H M( f) 1=1, TO nepeXOAHM K cneAy~~eMy pe6py. 
2. EcnH, HanpHMep, M( f) =1, e~nonHReM onepa41-11-1: 

M(f):=M(f) -1, M(i):=M(i) -1, 

L(i) : = L(i) + J (L (f) , W i e) , 

¢ : = ¢ + f(L (f) , W if ) . 

14! 
/5/ 

!6! 

Pe6po (xi,xe) HcKn~4aeTcR H3 cnHcKa. 
3. EcnH cnHcOK pe6ep He nycT H Mbl AOCTHrnH nocneAHero pe6pa, 
Ha4HHaeM CKaHHPOBaHHe CHa4ana. 

CpaBHHBaR /5/ C /1/ H /6/ C /2/, HaHAeM, 4TO nocne OKOH-
4aHHR npo4eAYPbl CKaHHpoaaHHR 3Ha4eHHe nepeMeHHOH ¢ paBHO Ka-
4eCTBY Aepeaa /6e3 11 B3RTHR MOAYnR"/, a L(i)=jki• npH4eM(Xk,xi) 
- pe6po, exoAR~ee e eepwHHy xi. napy onepa41-1l1 /5/, !61, 
aCC04HHPOBaHHY~ C OAHHM pe6pOM, H~30BeM 3neMeHTapHOH TpaHc
$QpMa4HeH. 

npH nporpaMMHOH peanH3a4HH 3aAa4H onTHMH3a4HH YA06HO o¢op
MHTb 3neMeHTapHy~ TpaHC$0pMa4H~ B BHAe OTAenbHOH npo4eAYP~• 

Heo6XOAHMa e~e OAHa npo4eAypa - cpaeHeHHe Ka4eCTB ABYX Ae
peabeB, KOTOPaR AOn~Ha COAep~aTb B ce6e, B 4aCTHOCTH, onepa-
41-1~ 11 B3RTHR MOAYnR". Aee yKa3aHH~e npo4eAYP~ /npo6neMH~e npo-
4eAYP~/ I-1Me~T npocTy~ norHKy H COAep~aT e ce6e HC4epn~ea~~~ 
HH~OpMa4H~ o6 ycTpOHCTBe KOHKpeTHOH $YHK4HH Ka4ecTea. OcTanb
Hoe - nepe6op AepeabeB, ~OPMHpOBaHHe CnHCKa pe6ep, MaCCHBOB 
M H L,onpeAeneHHe nOPRAKa cKaHHpoeaHHR pe6ep, 3anoMHHaHHe 
ny4wero TeKy~ero Aepeea H T.n. - MO~eT 6~Tb o$0pMneHo e BHAe 
YHHBepcanbHOrO anropHTMa, He 3aBHCR~ero OT KOHKpeTH~X CBOHCTB 
o6DeKTa onTHMH3a4HH. OnHcaHHaR HH~e cHCTeMa IGRA peanH3yeT 
HMeHHO 3TOT yHHBepcanbH~H anropHTM. HanHcaHHe npo6neMHWX npo-
4eAYP ecTeCTBeHHO OTHeCTI-1 K KOMneTeH4HH KOHKpeTHOrO nonb30Ba
TenR CHCTeM~. /lnHTenbHaR 3KCnnyaTa4HR CHCTe~ AOKa3ana ~H3He
cnoc06HOCTb HAeonorHH npo6neMH~x npo4eAYP· 0Ha oKa3anacb YAa4-
HOH e~e H no cneAY~~HM npH4HHaM. npeACTa_eneHHR nonb30BaTenR 
0 BHAe ~yHK4HH Ka4eCTBa nOABep~eH~ 4aCT~M H3MeHeHHRM, H 04eHb 
YA06Ho, ecnH o6ecne4eH npOCTOH AOCTyn K annapaTy BapbHPOBaHHR 
3TOH ~YHK4HH. 
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1-iAeOnOrl-lfl npo6neMHbiX np01..1eAYP MO>KeT 6b1Tb peKOMeHAOSaHa Anfl 
SHeApeHHJ'I S CaMbiX pa3nH4HbiX o6naCTJ'IX nporpaMMHpOSaHHJ'I. noA06-
HaJ'I HAeonorHJ'I peanH30SaHa, s 4aCTHOCTH, s nporpaMMe FUMILI 1 41 

1-1 S peAaKTOpe TeKCTOS Anfl 38M o3CM-6 1 51 . npHSeAeM e~e OAHH 
npHMep, noKa3biSaiO~~i1 CHny 3TOi1 HAeonorHH. n106oi1 anropHTM eop
THPOSKH /HanpHMep, COpTHPOSKa Wenna/ CaM no ee6e He CSJ'I3aH 
C KOHKpeTHbiMI-1 CSOi1CTSaMH 06beKTOS eOpTHpOSKH. 06beKTaMH MOryT 
6b1Tb 4HCna, 6HT0Sble Ha6opbl, TeKCTOSble CTpOKI-1, ct>ai1nbl Ha AHCKe 
1-1 T.n. CopT~<~posKa MO>KeT ocy~ecTsnJ'ITbCJ'I no anct>asHTHOMy npH3Ha
Ky, no eenH4HHe 4Hcna, no cnoco6y pacnono>KeHHJ'I 61-1Tos s cnoee 
1-1 T.n. · TeM He MeHee MO>KHO C03AaTb OAHY eAHHCTSeHHyiO nporpaMMy 
COPTHpOSKH Ha see cny4aH >KI-13HH, ecn~-1 SSeCTH nOHJ'ITHe npo6neMHOi1 
npol..leAYPbl, KOTOpafl no HOMepaM ABYX o6beKTos npOH3SOAHT HX epas
HeH~<~e 1-1/ecn~-1 HY*HO/ nepeCTaHOBKy. 

3. OoutAA OP fAHI-13JIUHR CHCTEMbl IGRA 

CHCTeMa peanH30SaHa Ha 3BM o3CM-6, SblnOnHeHa s S~Ae eA~
Horo nporpaMMHoro 6noKa c AeCJ'ITbiO BXOAaMH 1-1 3aH~MaeT 940 enos 
S OnepaTHSHOi1 naMJ'ITH. 1-iHct>OpMai..IHJ'I o5 HCXOAHOM rpact>e ynaKOSaHa 
no OAHOMY pe6py s cnoeo. B TO >Ke cnoso ynaKoeaHbl A~HaMH4eCKHe 
1-1 CTaTH4eCKHe npH3HaKH, OTHOCJ'I~HeCJ'I K AaHHOMy pe6py ,' H,S 4aCT
HOCTH, 3neMeHT ct>narosoro MaCCHSa, Ha KOTOpOM peanH30SaH anro
PH TMH4eC K~ i1 CTeK npOI..IeAYPbl nepe6opa / S/ . CI-ICTeMa HanHcaHa Ha 
J'l3b1Ke MADLEN. HH>Ke nepe41-lcneHbl HMeHa 1-1 napaMeTpbl BXOAOS. 
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FUNCTION ICRA (WS) 

FUNCTION !OPT (WS, V, R, USERl, USER2, RET) 

SUBROUTINE OPENG (WS, CY) 

SUBROUTINE STARTG (WS, CY) 

FUNCTION IP (WS, Xl, X2, FIX, START) 

SUBROUTINE IGRAS (WS, I) 

FUNCTION IUP (WS, I, REG) 

(IW, Xl, X2) 

SUBROUTINE INFOPT (WS •. ¢1, ¢2, I) 

FUNCTION IFRAG (WS) 

(IW) 

SUBROUTINE ERRG (WS) 

nyeTb NV- 4Heno sepwHH, NR - 4Heno pe6ep HeXOAHOro rpa
ct>a. Bepw~<~Hbl rpact>a HyMepyiOTefl 1..1enbiMH 4~<~enaMH, MaKe~<~ Man bHOe H3 
KOTOpbiX He AOn>KHO npesoeXOAHTb (NR+l). WS - pa6041-1i1 MaeeHS 
pa3MepHoeTH (NR+3) Anfl 1..1enei1 npol..leAYPbl IGRA ~<~n~<~ pa3MepHoeTH 
(NR+2NV+30) Anfl 1..1enei1 npo1..1eAYPb1 IOPT. Pe6po /napa sepW~<~H/ 
ynaKosaHo sMeeTe e aTp~<~6yTaMH s OAHOM enoee Maee~<~sa WS. Cn~<~-

eoK pe6ep Ha4HHaeTeJ'I e WS~) 1-1 oKaH4~<~saeTeJ'I enosoM OB. 
YnaKosKy np0~<~3BOA~<~T npolleAypa IP. CY - 1..1enoe, 1..1~<~KnoMaTH-

4eeKoe 4Heno Hn~<~ HOMep sepw~<~Hbi-KOPHfl. V - MaeeHs pa3MepHo
eT~<~ NV, aeeOI..IH~<~posaHHbli1 e eepw~<~HaM~<~ rpact>a. B MaeeHse V 
eoAep>KaTefl eeea Wi. R- MaeeHe pa3MepHoeTH NR, aeeoi..I~<~Hpo

saHHbli1 e pe6paM~<~ rpact>a. B MaeeHse R eoAep>KaTefl seea Wif 
/~<~nH I-IX aApeea/. nopJ'IAOK paenono>KeHI-IJ'I ~<~Hc!>OPMai..IHH s MaeeHBe R 
AOn>KeH eOOTBeTeTSOSaTb nOPJ'IAKY paenono>KeHHJ'I pe6ep S Maee~<~se 
WS. USER! - ~<~Mfl ct>YHKI..IHI-1 /THna INTEGER 1-1n1-1 REAL I, peanw 
3YIO~ei1 npo6neMHYIO npo1..1eAYPY 3neMeHTapHOi1 TpaHect>opMai..IHI-1, K KO
TOpoi1 IOPT o6pa~aeTeJ'I e napaMeTpaMH USERl (R, L2, Ll,¢). 3Aeeb 
R - 3neMeHT 1-13 MaeeH sa R ; Ll, L2 - 3neMeHTbl ~<~3 Maee~<~ sa L 

/eM. pa3Aen 2/; ¢ - Maee~<~B 1-13 ABYX enos, HaKOnHTenb Ka4eeTsa, 
nepeoHa4anbHO eoAeP>KHT OB. HanpaeneHHe OT Ll K L2 eooTseTeT
syeT HanpasneHHIO OT KOPHJ'I Aepesa. ct>yHKI..IHJ'I USER! MO>KeT MOAH
c!>HI..IHPOSaTb Ll 1-1 ¢ . Anfl Ka>KAOro Aepeea Maee1-1s L ct>oPMHpyeTefl 
3aHoso npo1..1eAypoi1 !OPT, OH J'IBnfleTefl 4aeTbiO MaeeHBa WS. Een~-1 
o6Hapy>KeHo, 4TO TeKy~ee Aepeeo a6eoniOTHO nnoxoe, ct>YHKI..IHJ'I 
USERl AOn>KHa B03spa~aTb 3Ha4eHHe Hynb. USER2 - HMJ'I ct>YHK

I..IHH /T1-1na INTEGER 1-1n1-1 REAL I, peanH3YIO~ei1 npo6neMHYIO npo
LieAYPY epaeHeHHJ'I Ka4eeTs ASYX Aepesbes, K KOTopoi1 IOPT o6-
pa~aeTefl e napaMeTpaM~<~ USER2( ¢ new, ¢ old ). ct>yHKI..I~<~fl AOn>KHa B03-
spa~aTb 3Ha4eHHe Hynb, een~-1 ¢new xy>Ke, 4eM ¢old · 

RET - 1..1enoe, onpeAenfleT MOMeHT B03spa~eHHJ'I 1-13 IOPT 
s Bbl3blsa~yl0 nporpaMMy. Xl, X2 - 1..1enble nepeMeHHble, s KOTOPbiX 
eOAep>KaTeJ'I /Hnl-1 S KOTOpble nepeeblnaiOTeJ'I/ HOMepa napbl sepWHH, 
eoeTaenfiiO~HX pe6po. FIX - 1..1enb1i1 Hynb 1-1n1-1 eAHHHI..Ia, aTpH6yT 
ct>HKeai..IHI-1. Een~-1 FIX=l, AaHHOe pe6po He MO>KeT 6b1Tb HeKnl04eHo. 
START - 1..1enbli1 Hynb 1-1n1-1 eAHHHI..Ia, aTpH6yT 3TanoHa. EcnH 
START = l, AaHHOe pe6po HCKnl04eHo s 3TanoHHOM 4aCTH4HOM rpact>e. 
npo1..1eec nepe6opa nepecTpaHeaeTCJ'I TaKHM o6pa30M, 4TO 3TanoH 
OKa3biSaeTCJ'I nepBbiM Hai1AeHHbiM V -rpac!>OM, 3AeCb V- 1..1HKnOMaTH-
4eCKOe 4Hcno HCKOMoro 4aCTI-14HOro rpact>a. Ecn~-1 Anfl 'scex pe6ep 
HeXOAHoro rpact>a START = O, npo1..1eAypa IGRA sbi6HpaeT s Ka4ecT
se 3TanoHHoro n106oi1 v -rpact>. I- 1..1enoe 41-!Cno, acCOI..IHHpoeaHHOe 
C OAHHM 1-13 rpac!>OB, xpaHJ'I~HXCJ'I S CHCTeMe. I MO>KeT npHHHMaTb 
3Ha4eHHJ'I 1-1 0 Anfl npo1..1eAYPb1 I GRAS, ( -1 ) -13 Anfl npol..leAYPbl 
IUP, 0-10 Anfl npo1..1eAYPb1 INFOPT. REG - 1..1em1i1 Hynb 1-1n1-1 
eA~<~HHI..Ia, onpeAenJ'IeT cnoco6 Sb1Aa4H HHct>opMai..IHI-1. Ecn~-1 REG =0, 
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B~Aa~TCR pe6pa 4acT~4Horo rpa$a. Ecn~ REG =l, B~Aa~TCR ~cKn~-
4eHH~e pe6pa ~CXOAHoro rpa$a. IW - ~H$opMa~~OHHoe cnoso, 
$QpM~pyeMoe $yHK~~RM~ !UP ~ IFRAG. ¢ 1, ¢ 2 - nepsoe ~ BTO-
poe cnoso HaKon~TenR Ka4eCTBa ¢, 3acbma~TCR npo~eAypoi1 INFOPT. 

4. 3AC~flKA ~H$0PMAU~~ B C~CTEMY 

n~6aR AeRTenbHOCTb Ha4~HaeTCR c o6pa~eH~R K npo~eAype OPENG 
c ~~KnoMaT~4ecK~M 4~cnoM lecn~ B AanbHei1weM 6yAeT ~cnonb3o-
saT bCR IGRA I ~n~ HOMepoM sepw~Hbl- KOPHR I ecn~ s A an bHei1weM 
6yAeT ~cnonb30BaTbCR !OPT I. OPENG nonHOCTb~ yH~4TO>KaeT 
~H$QpMa~~~ s Macc~se WS nyTeM MOA~$~Ka~~~ neps~x Tpex ero 
enos: WS(l): = WS(3) : = OB; WS(2) : =CY. nocne 3Toro o6pa~aeMcR 
B ~~Kne K npo~eAype IP CTOnbKO pa3, CKOnbKO pe6ep B ~CXOA
HOM rpa$e. np~ Ka>KAOM o6pa~eH~~ IP ynaKOBbiBaeT B Macc~B WS 
OAHO pe6po, 

nycToe cnoso WS(l) cny>K~T AnR npo~eAYP IGRA , !OPT c~rHa
noM o Heo6xoA~MOCT~ Ha4aTb npo~ecc nepe6opa - cHa4ana. B n~6oi1 
MOMeHT MO>KHO BepHyTb npo~ecc nepe6opa K ~CXOAHOi1 T04Ke lc 3a
C~nKOi1 Hosoro CY I, o6paT~sw~cb K npo~eAype STARTG, KOTopaR, 
s OTn~4~e OT OPENG, He yH~4TO>KaeT cn~cKa pe6ep s Macc~se WS. 
nocne o6pa~eH~R K STARTG cn~coK pe6ep MO>KHO pacw~p~Tb, o6pa
~aRcb Hy>KHoe 4~cno pa3 K IP. 

$yHK~~R IP pacnonaraeT pe6pa s Macc~se WS s TOM nopRAKe, 
B KOTOpOM OH~ np~XOART . 3Ha4eH~e $yHK~~~ - BHyTpeHH~i1 HOMep 
pe6pa s Macc~se WS. Hanp~Mep, IP = 1 03Ha4aeT, 4TO AaHHOe 
pe6po 3acnaHo s cnoso WS(3). 3T~M o6cTORTenbCTBOM MO>KHO soc
nonb30BaTbCR, 4T06bl cornacosaHHO pacCblnaTb ~H$0pMa~~~ s Mac
c~s R. nycTb, Hanp~Mep, Xl, X2 COAep>KaT HOMepa rpaH~4H~X sep
W~H pe6pa, XX - cooTseTcTsy~~~i1 3TOMy pe6py sec. PaccbmKa 
IHa $OpTpaHel MO>KeT B~rnRAeTb TaK: 

IND = IP(WS, Xl, X2, FIX, START) 
R(IND) =XX. 

5 . nPOUEAYPbl IGRA, !OPT , I GRAS 

$yHK~~R IGRA RBnReTCR nporpaMMHoi1 pean~3a~~ei1 anrop~TMa 
nepe6opa scex 4acT~4HbiX rpa$os 1 3 1 c HeKOTOPbiM~ MOA~$~Ka~~RM~. 
Bo-nepsblx, noRBnReTCR B03MO>KHOCTb $~Kc~posaTb PRA pe6ep ~cxoA
Horo rpa$a, 3anpeT~B ~x ~cKn~4eH~e c noMo~b~ aTp~6yTa FIX; 
SO- BTOpbiX, nORBnReTCR B03MO>KHOCT b 3aAaT b 3TanOHHbli1 v - rpa$ 
c noMo~b~ aTp~6yTa START. nocneAHee oco6eHHO none3Ho, ecn~ 
4~CnO 4aCT~4HbiX rpa$QB Ben~KO, TaK 4TO Mbl He MO>KeM ~X nepe6~
paT b ~ n03TOMy XOT~M . ~ccneAOBaT b 4aCT~4Hble rpa$bl 11 8 OKpeCTHO-
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cT~" 3 TanoHa. 3aMeT~M, 4TO ~cnonb30BaH~e aTp~6yTa FIX no3so
nReT, B 4aCTHOCT~, COKpaT~Tb 4~CnO pe3ynbT~py~~~X v -rpa$08, 
B cny4ae 6onbw~x rpa$os none3HO opra~~3oBaTb ~HTepaKT~BHy~ 
pa6oTy c nporpaMMoi1, 4 T06~ 4enoseK MOr ~cnonb30BaTb ceo~ 
~HTY~T~BH~e B03MO>KHOCT~, MaH~nyn~pyR aTp~fiyTaM~. 

$yHK~~R IOPT RanReTcR nporpaMMHoi1 pean~3a~~ei1 anrop~TMa 
OnT~M~3a~~~, ~3nO>KeHHOrO B pa3Aenax 1 ~ 2 HaCTOR~ei1 pafiOT~. 

!OPT COAeP>K~T s ce6e o6pa~eH~e K $YHK~~~ IGRA. Macc~Bbl R 
~ V AOn>KH~ 6b1Tb c$opM~posaHbl nonb30BaTeneM AD Qepsoro o6pa~e
H~R K !OPT. $yHK~~~ USERl ~ USER2 TaK>Ke AOn>KHbl 6b1Tb c03AaHbl 
non b30BaTeneM. ~H$OpMa~~R s Mace~ sax R ~ V MO>KeT fibiT b n~6aR, 
nOCKOnbKY eA~HCTBeHHaR npo~eAypa, ~cnonb3y~~aR 3Ty ~H$OpMa
~~~, - USERl. 

np~ nepBOM o6pa~eH~~ K IGRA ~n~ IOPT npo~3BOA~TCR A~arHo

CT~Ka OW~fiOK. np~3HaK OW~fiK~ - Hynesoe 3Ha4eH~e COOTBeTCTBy~
~ei:\ $yHK~~~. B 3TOM cny4ae s cnose WS(2) noRBnReTcR HOMep 
ow~6K~. noApo6H~i1 TeKcT A~arHocT~K~ 6yAeT pacne4aTaH, ecn~ 
o6paT~TbCR K npo~eAype ERRG. np~ nepsoM o6pa~eH~~ K IOPT 
np0~3BOA~TCR nepeCTaHOBKa pe6ep ~CXOAHOro rpa$a B COOTBeTcT
B~~ c ~X pacnpeAeneH~eM no KBa3~~~KnaM. npo~eAypa IOPT o6ec
ne4~BaeT np~ 3TOM cornacosaHHY~ nepecTaHOBKY 3neMeHTOB Macc~
sa R . nepeA nepsbiM o6pa~eH~eM K IGRA npo~eAypa !OPT 3aCbl
naeT s Hynb cnoso WS~) , 4T06~ o6ecne4~Tb reHepa~~~ scex 
Aepesbes IO-rpa$osl ~cXOAHOro rpa$a. 

Bo3spa~eH~e B Bbl3b1Ba~~Y~ nporpaMMy ~3 $yHK~~~ IGRA npo~c

XOA~T nocne Taro, KaK c$opM~posaH o4epeAHOi1 v -rpa$. 3Ha4eH~
eM $yHK~~~ RBnReTcR nopRAKOBbli1 HOMep 3Toro v -rpa$a. BcR ~H

$OpMa~~R o cocTORH~~ npo~ecca nepe6opa xpaH~TCR s Macc~se WS. 
CneAOBaTenbHo ; AnR nonHoro nepe6opa HY>KHO o6paTHTbCR K $YHK
~~~ IGRA cTonbKO pa3, cKonbKO cy~ecTsyeT pa3n~4Hblx v-rpa
$0B. Hynesoe 3Ha4eH~e $YHK~~~ IGRA lecn~ 3TO He nepsoe o6pa~e
H~el c~rHan~3~pyeT o TOM, 4TO nocneAH~i1 v-rpa$ 6bln B~AaH 
B npeA~AY~eM o6pa~eH~~. Bo3spa~eH~e s B~3~Ba~~Y~ nporpaMMy 
~3 $YH K~~~ IOPT npo~cXOA~T nocne Taro, KaK o6pa6oTaHo RET 
Aepesbes. Ecn~ RET=O, B03Bpa~eH~e npo~cXOA~T nocne Toro, KaK 
npo~3owno 04epeAHOe yny4weH~e IT.e. Hai1AeHo Aepeso ny4wee, 
4eM see AepeBbR, ~ccneAOBaHHble AD TeKy~ero MOMeHTal . 3Ha4eH~e 
$YHK~~~ !OPT - nopRAKOB~i1 HOMep nocneAHero yny4weH~R. Hyne
soe 3Ha4eH~e $YHK~~~ IOPT lecn~ 3TO He nepsoe o6pa~eH~el 
c~rHan~3~pyeT o TOM , 4TO see AepeBbR ~c4epnaH~, ~. cneAOBaTenb-
HO, npo~ecc onTHM~3a~~~ 3asepweH. . 

B Mac c~,Be WS ~MeeTCR reHepanbHbli1 CTeK, 8 KOTOpOM MO>KHO 
noMecT~Tb AeCRTb v - rpa$os . 4T06bl 3anoMH~Tb nocneAH~ i1 creHep~ 

posaHHbli1 v -rpa$, Ha yposHe I I3AeCb I Mo>KeT np~H~MaTb 3Ha4e
H~R 1-101 Hy>KHO o6paT~TbCR K npo~eAype !GRAS : 

CALL !GRAS (WS , I) . 
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npH 3TOM v-rpa$~, KOTOp~e HaXOAHnHCb Ha YPOBHHX (1,9), CMe~a

~TCH Ha ypOBHH (1+1,1~, a HH$OpMa4HH C AeCHTOro ypOBHH TepH
eTCH. 

npH pa6oTe c !OPT o6pa~aT bCH K I GRAS He cneAyeT, !OPT 
AenaeT 3TO caMa. nocne oKOH4aHHH npo4ecca onTHMH3a4~~ AeCHTb 
ny4WHX AepeBbeB HaXOAHTCH B reHepanbHOM CTeKe, pacnonaraHCb 
no ypOBHHM B nopHAKe YXYAWeHHH HX Ka4eCTB. 

nocne nepeoro o6pa~eHHH K IGRA HnH IOPT H B AanbHe.:iweM 
B cnoee WS(2) HaXOAHTCH HOMep nocileAHero creHepHpoBaHHoro 
v - rpa$a, no3TOMY nocne OKOH 4aHHH npo4ecca nepe6opa B WS (2) 
OKa3~BaeTCH 4HCnO V- rpa$OB HCXOAHOrO rpa$a . 

6. BbiBO,Q 11H$0PMALV111 113 CI1CTEMbl 

BblBOA HH$OpMa4HH ocy~eCTBnHeTcH c noMo~b~ $yHK4HH IUP . 11HH-
4Ha4HH BblBOAa 

IW = IUP(WS, I, REG). 

nocne HHH4Ha4HH o6pa~aeMcH B 4HKne K IUP co cneAY~~HMH napa
MeTpaMH: 

IND = IUP (IW, X1, X2). 
Ka)I(Abl.:i pa3 B X1 H X2 BbiAa~TCH rpaHH4H~e eepWHHbl o4epeAHOro pe6-
pa. 3Ha4eHHe $YHK4HH - nopHAKOB~.:i HOMep pe6pa B MaccHBe WS, 
n03TOMy R(IND) HBnHeTCH 3neMeHTOM MaCCHBa R, COOTBeTCTBy~
~HM AaHHOMy pe6py. Hyneeoe 3Ha4eHHe IUP /npH 3TOM B Xl H X2 
TaK)I(e 3ac~na~TCH HynH/ CHrHanH3HpyeT 0 TOM, 4TO nocneAHee pe6-
p0 nony4eHO B npeA~AY~eM o6pa~eHHH. Pe6pa B~Aa~TCH B nopHAKe 
B03pacTaHHH HOMepoe HX eepwHH. $yHK4H~ IUP MO)I(HO Hcnonb30BaTb 
B n~6o.:\ MOMeHT B n~60M MeCTe nporpaM~ H, B 4aCTHOCTH, B npo6-
neMHO.:i npo4eAype. 

Mo)l(eT 6~T b BbiAaH nocneAHH.:i Ha.:iAeHHbl.:i v- rpa$ (I =0) HnH co
Aepw.HMOe OAHOrO H3 AeCHTH YPOBHe.:i reHepanbHOrO CTeKa (1=1-10), 
HnH 3TanoH (1=12). B yKa3aHH~x cny4aHx, ecnH REG=O, TO BbiAa~T
CH pe6pa v - rpa$a; ecnH REG= 1 , TO BbiAa~TCH HCKn~4eHH~e pe6pa 
/T.e. pe6pa HCXOAHOrO rpa$a, OTCyTCTBy~~He B AaHHOM v-rpa$e/. 
MoryT 6~Tb B~AaH~ $HKCHpOBaHH~e (1=11,REG=1) H He$HKCHpOBaHHble 
(1=11, REG=O) pe6pa. Mo)l(eT 6b1Tb B~AaH HCXOAH~.:i rpa$ /1 =-1, 
REG HrHopHpyeTcH/. 

npH OnTHMH3a4HH /T.e. KOrAa Mbl pa6oTaeM c !OPT I MO)I(HO no
ny4HTb Ka4eCTBa AepeBbeB, COOTBeTCTBy~~HX 1=0-10, ecnH B~-
3BaTb npo4eAYPY INFOPT. Ee MO)I(HO Bbi3BaTb H3 n~6oro MecTa npo
rpaMMbl H, B 4aCTHOCTH, H3 npo6neMHOi7! np04eAYPbl. 
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7. ,QI1ArHOCTI1KA OWI160K 

HH)I(e nepe4HCneHW HOMepa OWH60K ~ AHarHOCTH4eCKHe TeKCT~, 

KOTOp~e pacne4aT~eaeT npo4eAypa ERRG: 
0. nYCTOtl rPA$. 
0. HE.QOnYCTI1MA~ $11KCAUI1~. 

1. OoHAPY~EH~ KPATH~E PEoPA. 
2. OoHAPY~EH~ nETnl1. 
3. HE.QOnYCTI1MA~ BEPWI1HA. 
4. OoHAPY~EHO BI1C~4EE PEoPO. 
5. OMEP311TEnbH~tl rPA$ - HECB~3H~tl rPA$. 
6. HE.QOnYCTI1MOE UI1KnOMATI14ECKOE 411CnO. 
7. HEKOPPEKTH~tl 3TAnOH. 
8. HE.QOnYCTI1MA~ OnTI1MI13AU11~. -
9. HE.QOnYCTI1M~tl 11CT04HI1K. 

,l\HarHOCTHKa "HE.QOnYCTI1MA~ $11KCAU11~ 11 nOHBnHeTCH, ecnH He
B03M0)1(H0 nony4HTb HH OAHOrO HCKOMOro 4aCTH4HOro rpa$a 6e3 HC
Kn~4eHHH $HKCHPOBaHHOrO pe6pa. neTnH - pe6po THna (Xi,X i). 
0wH6Ka 3 B03HHKaeT, eCnH 06Hapy)l(eHa eepWHHa, HOMep KOTOpOi7! 
npee~waeT 4Hcno pe6ep HCXOAHOro rpa$a nn~c eAHHH4a. OwH6Ka 4 
nOHBnHeTCH,ecnH OAHa H3 BepWHH HMeeT HOMep Hynb.0WH6Ka 6 803-
HHKaeT ,eCnH He Cy~eCTByeT 4aCTH4HOrO rpa$a C 3aAaHH~M 4HKno

MaTH4eCKHM 4HCnOM.0WH6Ka 7 nOHBnHeTCH,eCnH 3TanOH - HenpaeHnb
HW~ rpa$,T.e. HMeeT He TO 4HKnOMaTH4eCKOe 4HCnO HnH HeCBH3H~i71, 

HnH He COAep)I(HT B ce6e Bcex $HKCHpOBaHH~X pe6ep.0wH6Ka 8 B03HH
KaeT,ecnH e npo4ecce onTHMH3a4HH 38a4eHHe $yHK4HH USER! ecerAa 
6bJnO HyneBbiM, T. e. see Aepee bH o6bH eneHbl a6con~THO nnoxHMH. 0wH6-
Ka 9 nOHBnHeTCH, ecnH HOMep KOpHH He COOTBeTCTByeT HH OAHOi7! 
BepWHHe rpa$a /HCT04HHK- TO )l(e CaMOe, 4TO KOpeHb/. 

0wH6Ka 5 $HKCHpyeTCH cneAy~~HM o6pa3oM. B~cTpaHeaeTcH He
KOTop~l7! MaKCHManbHWi71 CBH3H~i7! $parMeHT /IOPT Ha4HHaeT nOCTpoe
HHe $par MeHTa OT KOpHH/. EcnH Hai71AeT-CH XOTH 6bl OAHa eepWHHa, 
He npHHaAne)l(a~aH 3TOMy $parMeHTy /T.e. ecnH $parMeHT He coe
naAaeT C HCXOAH~M rpa$OM/, TO $HKCHpyeTCH OWH6Ka - Mbl HMeeM 
rpa$, KOTOp~i7! npHHHTO Ha3wBaTb OMep3HTenbHWM. Pe6pa, npHHaA
ne)l(a~~e CBH3HOMy $parMeHTY (REG=l), HnH pe6pa, He npHHaAne)l(a
~He CBH3HOMY $parMeHTy (REG=O), MO)I(HO nony4HTb, o6puTHBWHCb 
K IUP c 1=13. BepwHH~, He npHHaAne)l(a~He cBH3HOMy $parMeHTy, 
MO)I(HO nony4HTb c noMO~b~ $yHK4HH IFRAG. 11HH4Ha4HH BbiBOAa 

IW = IFRAG (WS) • 

nocne HHH4Ha4HH o6pa~aeMCH e 4HKne K IFRAG(IW) . 3Ha4eHHeM 
$yHK4HH HBnHeTCH HOMep 04epeAHOi7! eepWHHbl HnH Hynb, ecnH no
cneAHHH eepwHHa 6blna BbiAaHa e npeA~AY~eM o6pa~eHHH. HanoMHHM, 
4TO 3AeCb 06Cy)I(AaeTCH CBH3HOCTb H HeCBH3HOCTb HCXOAHOro rpa$a. 
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npH AHarHOCTHKe OWH60K 8CRKaR AeRTenbHOCTb npeKpa~aeTCR, 
KaK TOnbKO Ha~AeHa nep8aR OWH6Ka, APYrHe OWH6KH He H~yTCR. 

A8TOPbl npH3HaTenbH~ c.c.ne6eAe8y, A.n.canomHHK08y, H.H.CH
nHHy, KOTOp~e npHHHManH y4aCTHe 8 o6cymAeHHH HaCTOR~e~ pa6o-
Tbl. 
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