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1. BBEAEHHE 

Paapa6oTKa 3$$eKTHBH~x anropHTMOB nocTpoeH~fl Kp~e~x ~n~ oT
pe3KOB Kp~B~X 1-ro HnH 2-ro nOPflAKOB C nOMO~b~ 36M ~MeeT 6onb
woe 3Ha4eHHe np~ C03AaHH~ ycTPOHCTB ynpaeneHHfl nnOTTepaM~ H 
rpa$H4eCKHMH A~cnneflMH. npH 3TOM ~enb~ ecex anrop~TMOB flBnfl
eTcfl AOCT~~eH~e MHHHManbHOrO OTKnOHeHHfl annpOKCHM~py~~eH Kp~
BOH OT HCTHHHOH, onpeAeneHHOH MaTeMaT~4eCK~M·B~pameH~eM, np~ 
MMH~ManbH~X B~4~CnHTenbHWX 3aTpaTaX, 

MaTeMaT~4ecKoe onHcaHHe KPHBOH ~rpaeT 6onbwy~ ponb np~ e~o
pe cnoco6a annpoKCHMa~HH. B AanbHeHweM paccMaTpHeaeTCfl napaMeT
PM4eCKoe ~ HenapaMeTpH4ecKoe onHcaH~e Kp~ewx. Hanp~Mep, oKpym
HOCTb onHC~BaeTCR B napaMeTpH4eCKOH $OpMe ypaBHeH~flM~: 

X sin t, y = cos t, /1/ 

a e HenapaMeTp~4eCKOH $opMe -

x2 + v2 - r2 = 0. /2/ 

feHePHPOBaHHe KPHB~X, 3aAaHH~X B napaMeTpH4eCKOH $OpMe, ner
KO OCy~eCTBnfleTCfl C nOM~b~ ~~$pOB~X AH~epeH~~anbH~X aHan~aa
TOpOB /UAA/. 0AHaKO npH 3TOM TPYAHO nony4~Tb xopowy~ T04HOCTb, 
T.K. KpHe~e aa4acTY~ nony4a~TCR B~POmAeHHWMH/1/, KpoMe Taro, 
aaTpaTw Ha TexHH4eCKy~ peanHaa~~~ 3Toro cnoco6a oKaa~ea~TCfl 
cpaBHHTenbHO BWCOK~MH, 

np~H~~nw reHep~poeaHHR KPHB~x napaMeTp~4eCK~M cnoco6oM 6~n~ 
AeTanbHO HccneAOBaH~ 6peaeHX3MoM/2/ ~ HeT~repoM/3/, Paapa6oTaH
Hwe ~M~ anropHTMW CBR3aH~, OAHaKO, CO 3Ha4~TenbHWM~ 3aTpaTaM~ 
Ha B~4~cneHHfl. 8 AanbHe~weM napaMeTp~4eCK~H cnoco6 reHep~poeaH~fl 
Kp~e~x He nony4Hn wHpoKoro pacnpocTpaHeH~fl ~ 6~n npaKT~4eCKH 
nonHOCTb~ BWTecHeH HenapaMeTp~4eCKHM cnoco6oM. 

Y~e e 1965 rDAY 6peaeHX3M/2/npeACTae~n npocToH ~ 6~cTpwH an
rop~TM reHep~poeaHHR npRM~x. ApyrHe aeTop~/3/ycoeepweHcTeoean~ 
3TOT anropHTM H OH cerOAHR HaH60nee 4aCTO HCnOnb3yeTCR npH re
HepHpOBaHH~ npRM~x e MaWHHHOH rpa$HKe. OcHOBHOH npHH~Hn anro
PHTMa 6pe3eHX3M npHMeHHn H A~R reHepHpoeaHHR AYr OKpymHOCTeH/~/. 
npH annpoKCHMa~HH KPHBOH 3TOT anropHTM o6XOAHTCR TOnbKO onepa~ 
~HRMH C~O~eHHR H B~4~TaHHR, OAHaKO 06ceM B~4HCneHHH cpaBHHTenb-
HO BenHK. 
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anropHTM Cy3Hara. anropHTM ~aHH3nbCOHa 

PHc.l 

~aHI13JlbCOH/I/ npeAJlOmHJl aJlrOpHTM~ Ha OCH08e HenapaMeTpi14€CKO
ro MeTOAa AJ1R reHepl1po8aHHR npRM~x H oKpymHOCTeH 11 cpa8H11Jl 11x 
c MeTOAaMH Ha ocHo8e UAA. OH noKa3an, 4To HenapaMeTpH4eCKHH 
cnoco6 no380J1ReT reHepl1po8aTb 3aMKHYT~e He8~POmA€HH~e oKpymHo
CTI1, 3TOT aJlrOpHTM HCnOJlb3Y€T 11HKpeMeHTH~e war11 J11160 8 X-, Jll1-
6o 8 Y-Hanpa8JleHHRX. War11 noA yrnoM 45° He AOnycKa~TcR. 

He3a811CI1MO APYr oT APYra «opAaH, Jl3HHoH, XonM/4/ 11 KaMa3/6/ 
nP€AJ10mHJl11 H08~H anropHTM, KOTOP~H OHI1 Ha38aJ111 4-T04€4H~M 11 
8-T04€4H~M anropHTMaMH COOT8€TCT8€HHO, 3TH anropHTM~ no380JlR~T 
reHepHp08aTb OKpymHOCTH C 04€Hb MaJl~MH OTKJ10H€HHRMH OT HCTHHHOH 
KPH80H, np11 3ToM 8-To4e4H~H anropi1TM AonycKaeT war11 8 X-, Y-Ha
npaeneHI1RX 11 nOA yrJlOM 450, 4TO Y8€Jli14H8aeT CI1MM€TPH~ annpOKCH
MHpy~eH KPI180H. 
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Cy3Hara, KaMa3 11 Ko6aRWI1 npeACTa,HJlH e /7/ o4eHb 6biCTPbll1, 
YJlY4WeHH~I1 anropHTM. H3nomeHH~e all pe3yJlbTaT~ CBHAeTeJlbCTey
~T 0 npeHMy~eCTBe HOBOrO aJlrOpHTMa no CKOPOCTH, CI1MM€TPI111 11 
o6beMy B~411CJleHHI1 no cpaeHeHH~ c Ha3eaHH~MH e~we anropHTMaM11, 
Ha p11c.l noKa3aHo reHep11poeaH11e OKpymHocTel1 Ha ocHoee PRAa pac
cMoTpeHH~x aJlrOpi1TMOB, 

2. nOCTPOEHHE OKPY~HOCTE~ 

B OH~~ pa3pa6aT~eaeTCR 11HTenneKTyanbH~I1 rpa$114eCK1111 TepMI1-
HaJl Ha OCHOBe MYJlbTHMI1Kponpo~eCCOpHO~ CI1CT€M~/8,9/, C ~€Jlb~ 
6~cTporo reHepl1poeaHI1R npi1MI1TI1BOB, TaKHX, KaK Jl11HI111 H OKpym
HOCTH, rpa$H4eCKHI1 npo~eccop 3Toro TepMHHaJla nocTpoeH Ha 6a3e 
MI1KponporpaMMHpyeMoro npo~eccopa Ha MHKponpo~eccopH~x ceK~HRX 
THna HHTEJl-3000. B To >.<e epeMR OTC~Aa BbiTeKa~T onpeAeJleHHble 
TPYAHOCTI1 B peaJ1113a~l111 reHepaTopa OKpymHOCTel1. 0AHa 113 HMX 
CBR3aHa C TeM, 4TO AJlR noJly4eHMR B~COKOrO 6~CTPOAei1CTBMR npM 
nOCTpOeHM11 OKpymHOCTel1 AOnycKa~TCR TOJlbKO onepa~MM CJlomeH11R, 
B~411TaHMR M CABMra. ~pyroe YCJlOBMe CBR3aHO C orpaHH4eHHOCTb~ 
HMe~~el1cR e npo~eccope MI1KponporpaMMHol1 naMRTI1. HcxoAR 113 3TI1X 
YCJlOBI-111 6~Jl 8~6paH paCCMOTpeHH~I1 HMme KOHKpeTH~I1 anropMTM. 

HenapaMeTpl14ecKoe npeACTa8JleHI1e KPI180~ 8 ABYXMePHOM npocTpaH
CT8e HMeeT $OpMy: 

f(x. v) = ()_ /1/ 

3Ha4€H11R $yHK41111 AJlR T04eK, He npMHaAJlema~HX 3aAaHHO~ Kp11BO~, 

OTJ1114H~ OT HYJlR. 3TO 113MeHeHHe 3HaKa $YHKUMI1 HCnOJlb3Y€TCR B Ka-
4€CT8e Kpi1Tepi1R 8bl6opa cneAY~~ero war a annpoKC11MaUI1i1. Ha pV1c. 2 
811AHO, 4TO 113 3aAaHHO~ T04KM P0 803MOmeH nepeXOA B OAHY 113 
80CbMI1 COCeAHI1X T04eK PJ ••• P8, €CJ111 war COCTaBJlReT OA11H AMCKpeT 
no o6eHM OCRM. Uenb, nocTa8neHHaR npM pa3pa6oTKe anropMTMa, 
COCTOMT 8 TOM, 4T06~ Ha~TM TaKOH Kpi1TepH~, KOT0p~l1 n03BOJli1Jl 6~ 
8 KamAOM Ware annpOKCI1Ma~l111 HaHTI1 T04KY, 11Me~~y~ Hai1MeHbWee 
paCCTORHMe OT 11CTI1HHOH KPI180H, nyTeM 3aAaHI1R HanpaBJl€H11R reHe
PI1P08aHI1R AYrl1 oKpymHoCTH B03MOmHble nepexOAbl 113 T04KI1 P0 orpa
HI1411Ba~TCR TpeMR HanpaBJleHI1RMI1 /CM,pl1c.3/, B Ta6n,1 C8€AeH~ paa
Jli14Hble KPI1Tepl111 AJlR onpeAeneHI1R cneAY~~ero war a annpoKC11Ma~HI1. 

BMecTo cpa8HeHI1R 3Ha4eHI1H $YHK~I111 f(x, y) 8 A8YX coceAH11X 
T04Kax,Cy3Hara 11 AP· npeAnaraJll1 cpa8HI18aTb aHa4eHI1e $YHK~1111 8 
T04Ke P1 c onpeAeJleHHoA KOHCTaHToA K. TaKI1M nyTeM 3Ha411TeJlbHO 
YMeHbWaeTCR 06beM 8bi411CJleHHH1 11 reHepl1p08aHI1e npoHCXOAHT 6onee 
6~cTpo. 

3Ha4eHHe $YHK~1111 /2/ B COCeAHeH T04Ke onpeA€JlR€TCR 8~pameHI1eM: 

f(x.:_ I, y 2:_ I)= f(x, y) .:_2x.:_2y + 2, /4/ 

113 KOTOporo MOmHO 8~411CJ111Tb 3Ha4eHI1e $YHK~I111 8 3aAaHHOI1 T04Ke, 
11CXOAR 113 3Ha4€HI1R $YHK~I111 8 npeA~AY~eH T04Ke, np11 nOM~I1 one-
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Ecnu f(P0 ) > O, TO rrepexoA B P3, 
B npoTHBHOM-CJJY'lae- B PJ• 

Ecnu /f(Pj)/ ~ /f(PJ)/, TO nepeXOA 
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Ecnu /f(PJ)/ ~ /f(Pz)/, TO rrepeXOA 
B PJ, B ITPOTHBHOM CJJy'lae- B Pz, 

Ecnu /f(PJ)/ < K, TO nepexoA B PJ, 
B npoTuBHOM cny'lae - B Pz. 

pa~H~ cnomeHHR, B~4HTaHHR H CABHra. npH 3TOM HCXOAHaR T04Ka 
annpOKCHMa~HH AOflmHa nemaTb Ha OKpymHOCTH, T.e, 

f(xH, YH) = O. /5/ 
MTaK, anropHTM Cy3Hara H AP· HaHny4WHM o6paaoM YAOBneTsopReT aa
AaHH~M Tpe6osaHHRM. 

s/7/ noKa3aHo, 4TO B Ka4eCTBe KOHCTaHT~ K MOmHO HCnOflb30BaTb 
PaAHYC r. OKpymHOCTb MOmHo paccMaTpHBaTb KaK nepece4eHHe nnoc
KOCTH X, Y c napa6onOHAOM Z = x2 + y2- r2 /cM.pHc.4/. AnropHTM 
paccMaTpHsaeT H3MeHeHHe 3Ha4eHH~ $YHK~HH f(Pi). EcnH 3Ha4eHHe 
$yHK~HH MeHbWe paAHYCa r, TO ocy~eCTBJJReTCR nepeXOA B P), 4eM 
AaflbWe annpOKCHMHpy~aR KPHBaR OTXOAHT OT HCTHHHO~, TeM 6onbwe 
3Ha4eHHe /f(Pi)/ /eM. pHc.S/. EcnH npes~waeTcR nopor r, TO 
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Heo6XOAHMO CAenaTb AHaroHaflbH~~ war B T04KY Pz, np~6n~maRCb 
TeM CaMbiM K HC T~HHOH KP~BOH, 

3. rEHEPATOP OKPYmHOCTE~ 

np~ nocTpOeH~H OKPYmHOCTH np~MeM HanpasneH~e AB~meHHR no 
KpHBOH B nonomHTeflbHOM B MaTeMaT~4eCKOM CM~Cne HanpasneH~~. 
PaccMoTpeHH~H e~we anropHTM s csoel:i o6~ei:1 $OpMe Ae~cTB~TeneH 
TOflbKO AflR OAHOrO OKTaHTa. npH nepeXOAe OT OAHOrO OKTaHTa K 
APYrOMY AOnmH~ 6b1Tb BblnonHeHbl HeKoTopble ycnos~R. B KamAOM OK
TaHTe HMeeTCR onpeAeneHHaR npeAn04THTeflbHaR KOOPAHHaTa, KOTO
paR ~3MeHReTCR s KamAOM ware annpoKC~Ma~~H. Ecn~, Hanp~Mep, 

Ha4aflbHaR T04Ka pacnonomeHa B nepBOM OKTaHTe Ha OCH X, TO npeA
n04T~TeflbHOH RBnReTcR Y-KOOPAHHaTa /cM.p~c.6/. 

KorAa aHa4eHHe $YHK~H~ /f(PJ)/ npeeblwaeT nopor, s~nonHReTcR 
A~aroHanbHbiH war a HanpaeneH~~ x- ~ y-KOOPA~HaTH~x ocel:i /a nep
soM OKTaHTe y = +J, X= -1/. 

npen04THTeflbHble KOOPA~HaTbl OAHHaKOB~ B 1-M ~ 8-M, 2-M ~ 3-M, 
4-M ~ 5-M, 6-M ~ ]-M OKTaHTaX COOTBeTCTBeHHO, ~nR HaXOmAeH~R 
nOBOPOTH~X T04eK, B KOTOpbiX ~3MeHReTCR HaKflOH KaCaTeflbHO~, 
He06XOAHMO 3HaTb MOMeHT nepeXOAa ~3 OAHOro KBaAPaHTa B APYrOH 
/B 3TOT MOMeHT ~3MeHReTCR 3HaK HenpeAn04T~TeflbHOH KOOPA~HaTbl/. 
np~ nocTpoeH~~ AYr OKPYmHocTeH eamHoH npo6neMoi:1 RBnReTcR o6Hapy
iilei#1e Ha4aflbHOH ~ Ko.:i"e4HOH T04eK AYr~. np~ 3TOM B nepByiO 04e
peAb Heo6XOA~MO onpeAefl~Tb OKTaHTbl Ha4aflbHOH xH, YH ~ KOHe4HO~ 
Xx, Yx T04eK/o6e T04K~ MOrYT HaXOAHTbCR H B OAHOM OKTaHTe/, S 
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PHc,7 

B Ha43IlbHOA T04Ke AOil~HO 6MTb BMnOnHeHo ycnos~e /5/. npo~ecc 
re~ep~pOBaH~~ 33KoH4~BaeTCR, ecn~ 3H34CH~e npeAn04T~TCI1bHOA KO
OPAHHaTbl L\OC TV1r no 3J-;34CH11R COOTBeTC TByiOU.\eH KOHe4HOH i<OOPAHH3Tbl 
/pHc.7/, B 338HCHMOCTI1 OT CKT3HTa, S KOTOpOM HaXOAH7CR KOHe4H3R 
T04Ka, 3TO MO*eT 6b1Tb ~M60 x-, nM60 y-~OOODMHaTa /pMc,8/; onepa-
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~VIR cpaBHeHMR TCKy~eA KOOPAHHaTM C KOHe4HOA BblnOilHReTc~ TOilbKO 
AI1R 3Toro OKTaHTa, 

KoHe4HaR T04Ka He BCCrAa HaXOAHTCR Ha MCTHHHOH KpHBOH /pHc.]/, 
OAH3KO HeT Heo6XOAHMOCTH B KoppeK~HH 3TOH T04KH, nOCKOilbKY ee 
MaKCHMailbHOe OTKilOHeHHC OT HCTHHHOH ecerAa MeHbWC OAHOrO AHCKpe
Ta, 4TO npH 33AaHHOH paspewa~~eA cnoco6HOCT~ 3nT He3aMeTHO AI1R 
rnasa. 

Ha pHc.9 noKasaHa 6noK-cxeMa nporpaMMW. Bw4HcneHHe annpoKc~
MHPY~IlleA KPV.BOH npoV.CXOAHT B OTHOCHTeilbHbiX KOOPAHHaTax, npH4CM 
~CHTp OKpy~HOCTM Mil~ AYrH MO~eT HaXOAV.TbCR B n~6oA T04KC 3KpaHa. 
)l.r:f! MHV1~11ai1H33~1-'H1 npo~ecca reHepa~VIH Heo6X0,[\11MO 3aAaTb paAHYC r, 
KOOPA~HaTbl X V1 y Hal.lailbHOJit H KOHCliHOii T04CK, a TaKl:<e OKT3HTbl, B 
KOTOPMX 3TH T04KM HdXC~RTCR, 

CornacHo ycnos11~ /5/, Ha4anbHoe 3Ha4eH~e $YHK~V1~ paeHo Hyn~. 
npcAn04HITeJibH3R KOOpg;.-HaTa V13MeHReTCR B Ka~OM Ware annpOKCH
Ma~MH M nony4CHHOe 3Hd4CHHC ~YHK~~~ cpaBHHBaeTCR C noporOM r, 
Ecn~ 3TO 3Ha4eHHe npcsw~aeT nopor, To Tpe6yeTCR 3aHoeo BM4MCI1MTb 
3Ha4CHHe ¢YHK41111 B TO'lKe P2, Heo6XOAMI-10CTb TaKOH onepai.IYIH CBR-
3aHa C TeM, 4TO El HOpMaJ1bHOM CJ1yl!ae Bbi4V1CJ1ReTCR 3Ha4eHHC ¢YHK
~MH B TCKy~eJit T04KC B Hanpasne~MM npeAn04THTeJ1bHOH KOOPAHHdTM, 
a npH AHaroHailbHOM ~are T04Ka Pz CTaHOBHTCR HOBOH HCXOAHO~ T04-
KOH annpOKCV.MCllV~YI. np:-1 r.epeXOAC 8 APYrO~ OKTaHT MCHRCTCR Bblpa
)t(CHHe Afi.A onpeACilCHH.A KP>1TepHR Bbl6opa cneAY~[4ero war a, 

(\,....,.,.. ....... ... ~ -----.,- .. e: .. - ---··----··-~--·· - -- ·-·· ·- -------· -"''' ..,..,.,, '->,..-•• ''' ...,....,,,., ''to"....,~''......-M ...... '~I,......_.,_.,, .. , .. , .... ,,....,,.,_Uoolj~l' .. 111-'....,.' ........ rii'II.JI' 

Han~;~caHHC~ Ha R3bii<e PL/M, 3aTeM Ha OCHOBe 3TOA nporpaMMbl 6b1Ila 
pa3pa6oTaHa MMKpcnporpaMMa AI1R rpa$H4ecKoro npo~eccopa, HMe~t4e
ro pa3PRAHOCTb 16 6HT, 4TO onpeAeilRCT MaKCHMailbHbiH paAHYC OKpym
HOCTI-1, npY~ pa3pa60TKC MV.KponporpaMMbl B03HHKI1H npo6neMbl, CBR3aH
HMC C o6pa60TKO~ OTpYI~aTefibHMX 4HCen V1 pean~t~3a~HCH onepa~H~ 

C~BMra, nCCKOilbKY nPOI.ICCCOPHble 3IleMCHTM l-3002 He HMC~T onepa-
4VVo B~41f!TaKYIR H CABHra BilCBO 1-1 He n03BOI1R~T MaHHnynHpOBaTb 3Ha
KOBbiM pa3pRAOM, JH1 npo6neMbl fiMill-1 peWeHM nyTeM HCnOI1b30BaHHR 
cne4HanbHbiX ¢naroe AilR opraHH3a~HH BblnonHeHHR yKa3aHHbiX onepa~Hii 
~ noMO~b~ HMe~erocR Ha6opa HHCTPYK~HA. B nepaoM eapHaHTe anro
P~TMa onepa~HI-1 C ¢naraMH BblnOilHRilHCb Ha BHYTPCHHHX perHCTpax 
ceK~H~ I-3002, B AanbHeJitweM c ~enb~ yeenH4CHHR 6b1CTPOACHCTBHR 
reHepaTopa yKa3aHHble $narH 6wnH peanH3oBaHbl cxeMHMM nyTeM; aee
~eHbl TaK~e COOTBeTCTBY~He KOMaHAbl AI1R ycTaHOBKH, c6poca H on po
e a 3T~x $naros s npo~ecce awnonHeHHR MHKponporpaMMM, 4TO 3Ha4H
;PnbHO o6ner4Hno peanHaa~H~ anropHTMa. B Ta6n.2 conocTaeneHM 
~apaKTepHCTHKH o6oHx eapHaHToe reHepaTopa AYr oKpy~HocTeA. 

2 npHflO~CHHH npHBeAeH ¢parMeHT MHKponporpaMMbl /aapHaHT C AO
nOflH~TCilbHOA annapaTypoJit/, a Ha pHc,]Q - HeKOTOpMe npHMCpM no
CT00~~HR OKpymHOCTeR Ha OCHOBe onMcaHHOro anropHTMa, 
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BapHaHT 
anropHTMa 

PeanH3a~HH TOJibKO 

Ha OCHOBe KOMaH)J; 

I-3002. 

PeanH3a~HH anropHTMa 
C HCITOJib30BaHHeM .D;O

ITOJIHHTeJibHOH annapa

TYPbl 

.-.. 

Ta6JIH~a 2 

BpeMH nocTpoeHHH gyru OKPYJKHOCTH /MKc/ 

~yra )J;JIHHOH 64 TO~KH 
HJIH oKp~HOCTh c pa

gHycoM 10 

830 

240 

~yra .D;JIHHOH 1024 
TO~KH HJIH OKp~

HOCTb C pa,rJ;HYCOM 

160 

13500 

4900 

PHc.IO. llpHMepw ITOCTpOeHHH gyr OKPYJKHOCTeil: a/ Ha 

rpa~OITOCTPOHTeJie, 6/ Ha 3KpaHe ,lJ;HCITJieH:. 

4. 3AKJ1104EHHE 

Ha OCHOBe aHan~3a ~3BeCTH~X anrop~TMO~ nacTpaeHHR OKpymHOCTeH 
e~6paH HaH6onee 3$$eKTHBH~H anrop~TM Cy3Hara H AP· ,Korop~H 6bln· 
pean~aoeaH e B~Ae MHKponporpaMM~ rpa$H4eCKoro npo~eccopa, no
crpoeHHoro Ha M~Kponpo~eccopH~x ceK~~Rx. 
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Paapa6oTaHHbiH reHeparop noaeonReT crpo~Tb AYrH OKpymHocre~ 
n~6o~ An~Hbl H o6ecne4~aaeT xopo~y~ CHMMeTp~~ H MHHHManbHOe 
OTKflOHeHHe OT HCTHHHO~ KpHBO~. 

GENERATION OF CIRCULAR ARCS 

<FIRST OCTANT> 

fipHJIOJKeHHe 

001 B EO 04 6il OKTl: CALL I OUTF'UT> ; 
OOlC BF 8? 46 1110: JOF ISIGNFLAG,Mll>;.JUMP, IF SIGN NEGATivE 

.SIGN POSITIVE 

0010 £<5 00 40 

001E 84 04 FF 

OOlF 85 00 FF 

0020 B5 06 9F 

0021 E<4 06 80 

0022 co 02 co 

LDA CRY> ; 

STA <RZ>; 

ALR <RZ>; 

ADR <RFCTN>; 

INR <RFCTN>; 

JMF' OH2>; 

.LOAD Y-COORDINATE 

.RZ := Y 

.RZ, AC := 2Y 

.RFCTN := F + 2Y 

.RFCTN := F + 2Y + 1 

0023 85 00 40 1111: LDA CRY>; 

.SIGN NEGATIVE 

.LOAD Y-COORDINATE 

.RZ := Y 0024 E<4 04 FF STA <RZ>; 

0025 B5 06 FF ADR CRZl; .RZ := 2Y 

0026 B4 06 EO 

0027 B5 00 EO 

0028 95 06 9F 

0029 BE 05 60 

002A CO 02 CO 

002B 87 CO 00 

002C EO 03 C8 

002[1 9F AO SA 

002E SF 80 74 

002F B'S 00 20 

0030 B4 04 FF 

0031 95 06 FF 

0032 95 OE EO 

0033 B4 06 EO 

0034 84 06 EO 

0035 9'5 00 EO 

0036 95 06 9F 

0037 BE OB 40 

0038 87 co 01 
0039 co 04 20 

INR CRZ>; 

LDA CRZ>; 

ADR <RFCTN>; 

JOC <CARRY,M13>; 
JMF· 11112); 

.AC := 2Y + 1 

.RFCTN := <-F> + <2Y+1) 

.JUMP, IF RESULT >= 0 

1113: SFLAG CSIGNFLAG,O>;.RESET SIGN 

1112: CALL <CRITERION>; .F < R? 

JNF CSUBFLAG,H15>; .JUMP ON CRITERION 

JOF ISIGNFLAG,M14l;.JUI1F', IF SIGN NEGATIVE 

.SIGN POSITIVE 

LOA <RX>; 

STA <RZ>; 

A[IR <RZ>; 

INVR <RZ>; 

INR <RZ>; 

INR <RZ> ;_ 

LDA <RZ>; 

ADR IRFCTN>; 

.LOAD X-COORDINATE 

.RZ := X 

.RZ := 2X 

.RZ := -2X + 1 

.RFCTN := <-2X+l> + F 

JOC CCARRY,I118>; .JUMP, IF FCTN > 0 

SFLAG <SIGNFLAG,l>;.SIGN NEGATIVE 

JI1F· 11118>; 

003A B5 00 20 M14: LDA CRX>; 

.SIGN NEGATIVE 

.LOAD X-COORDINATE 
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0038 B4 04 FF STA <RZ>; 

003C 85 06 FF ADR <RZ>; 

003D 85 OE EO INVR <RZ>; 

003E 84 06 EO INR <RZ>; 

003F B4 06 EO INR <RZ>; 

0040 85 00 EO LDA <RZ>; 

0041 B5 06 9F ADR <RFCTN>; 

0042 85 00 20 M1B: LilA <RX>; 

0043 B5 03 FF [ICRA; 

0044 84 04 3F STA <RX>; 

0045 84 06 40 M15: INR <RY>; 

0046 EO 04 68 CALL <OUTPUT>; 

0047 84 09 40 JOC <NOGP15,M17>; 

0048 85 OA BF TZR <RIIIF>; 

0049 C7 05 10 JNC <CARRY,M19l; 

004A 85 00 40 M17: LilA CRY>; 

0048 B4 04 FF STA <RZ>; 

004C BS 00 20 LilA <RX>; 

004[1 84 03 EO CMTA; 

004E B5 06 FF ADR <RZ>; 

VVAtt" t:H:. VH HV JUL H.-HKh:T ,MlOJ; 

0050 co 01 co JMP <M10l; 

0051 EO 03 68 M19: CALL <EPOSY>; 

0052 B5 OA FF TZR <RZl; 

0053 BE 09 40 JOC <CARRY,M17l; 

0054 co 06 00 JMP <STOP>; 

0055 84 OB 20 M16: JOC <NOGP15,M20l; 

0056 B5 00 AO LDA <RDIFl; 

0057 85 03 FF DCRA; 

0058 B4 04 BF STA <RDIF>; 

Jli.HEPATYPA 

.RZ := X 

.RZ := /2X 

.RZ := -2X + 1 

.RFCTN := <-Fl + <-2X+1> 

.RX := X - 1 

.RY := Y + 1 

.JUMP, IF NO CIRC. ARC 

.TEST -LAST OCTANT?

.JUMP, IF LAST OCT. 

.CHANGE OCTANT 

.LOAD Y-COORDINATE 

.LOAD X-COORDINATE 

.AC := -X 

.RZ := Y - X 

• JUMt·, 1t l } !\ 

.JUMP TO BEGIN 

.STOP-CRITERION 

.Y <> YEND 

.Y = YENII 

.JUMP, IF NO CIRC. ARC 

.OCT := OCT - 1 

.END FIRST OCTANT 
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