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The aim of this study is to find a method to draw filled-in Julia sets with less computational
effort and fewer errors. There are a number of algorithms for drawing filled-in Julia sets, as
well as methods for controlling errors and reducing computational costs. In this study, we
primarily use the level set method as the drawing algorithm and interval arithmetic as the
computational technique. The level set method is a simple algorithm that plots the interior
points of the filled-in Julia set. However, near the boundaries of the set, interior points may
not be plotted correctly, or exterior points may be erroneously included due to computational
errors.

In this paper, we analyze the computational behavior of experiments involving the drawing
of filled-in Julia sets using interval arithmetic, which is implemented in the Risa/Asir computer
algebra system. Moreover, we present a computational method that guarantees the inclusion
of interior points in the Julia set by combining the level set method with interval arithmetic.
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CELT. Ihbb,

A(0)={z€C; p'(z) > o as n— o).
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B AEXBBEMY, A=[aga £RT. Z7L, a<ar$5. g a2z heXEBD
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FIXX B, ENCFEERERT.

A+B = [a.a]+[b,b)=la+b,a+b],
A-B = [aal-[bbl=[a-ba-bl
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I Julia B PEER 2 OBFMRICE ENZ 2 e 0> TWb. H 2 REREE o KERRIC
LT, BIHUEDS |G > R > 2 ZifiztE, |7 @) ~ B2 B H o0 T, K D O¥E
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BT RIEREE & -2 205 2 OFIPAT L OIETHIA, B S 2 7 4 Risa/Asir &
TRtEB X OB Z1TS. PIE Z 1, BTR z OXEEZFHERA 7>on v e UTHEEE, &
ERE I E L7125 DTH 3. FRRIZ, c DiED, RKHEEIFHEMKA 7> o oRE e 3
%. AESCOFEER T, Risa/Asir @ bigfloat % vy, A 100 HIZRE L.

SIEBROB R OHESTEE, KEE N2Z) D 4 o0s TEA) TR T D NDETHIUL,
TRz I1E K(f) DR EHET 5.

M2 M3 GZOFREIDHBELIERTHZ. K1 2230 Td ¢ = 04433256 +
0.3729624i O K(f,) D%HED, LSM+ FEI/MNIREL, LSM+ X Z AW THE L R 2R
LTWwW3.

2 DDRERE HI LT, 1 K2 K(f) DR LTEETESRRTH 2028 05 [
EEZD. ZO2OOMIHEX N AL, HAEEROGEEOEH TRLR>TWS, X1 1FE)
INEUSBTOMETH 2. ZERHEZ VT 100 HONEZE FHWT WS 729, SRR/
BB I OWZETE e T AUIETEREIRM LE L TE D, SFNTVEIRED TL/NEL K-
TWw3a. LaL, 100 # OffzHVEZE LT, FEMBRICEMMZETH 2 23wz
MEEREATVWE D, ZOMRPBENIELWSDTHE0OFFEETERY. —HDX 2
FXEEEE WA EERTH 2. KEHEX, 23 R LED, fEBROXENICLT
HEEPEFENTWD ZEBMMEIEINTWS. 2% D, K21k, BohMRIZEETHLZ N
TRAFFTRETH 5.
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3 LUty bR KBS X 385 (5 ¢ = —0.1226+0.7449i, #5:c = —0.222+0.718381)

32 LRILEY FEEMEBEEZRAVWTHELAEREY 2 ) PESDRIE

2T, ¥3RMBORNErEERET 5. BALrBD, REfeE, ExEs, 2o
HOMEDH 25 Z & ZRFE L CRIENARETH 5. RKEBROMSHIIZFE NS TH 2 DT, FHE
ENTMBD FRZBRA TG EEIDIC K 2BENBTREL, FHREEZHRVETZITL5T,
MEORBIC XD XIS HERTIORE D bR 5.

VIEAETH 2T L, T/ EREFELEETHE. chE Z 2B, REKEHEHL
RFEHY 2 ) 7REOHEEZE R 5. FHEMGAENL, S FROMEIEXBEELIEHTRALX -}
L, RIEZ#DIEST LT, M40 X5 ICHRTFH L2BET 2. BEFOBIZIE, XEHETH 2
72, FEEEDRTUCIE, REEA LT DOEN > TV, FREY 2 ) 7HESORETIE, %
i, BEAHELLBXMATH 2720, PULITORERBEBICE LD SBET 5.
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ZZT, AEHROHERFECOWTER L. KIGEHEL 1 [H{T5 282, MFROXMED D
WIZH 205 0%HETS. L, BTROXMEDL DMNZHD, H»oRIEREED N KD
B3, REHERZMGET 2. 25 THRWESIRZORTFEOAEEKTT 3.

RICHBERBROTTERICOVWTEZ . HEHERIE, 25

(D K(f) DNSETH 3, 2)K(f) DADEL %3, (3) HIRIARATHE,

DWTNHPDT —RARD. TNENDT —RZ3H LTV Z 5.

WHDEHE £, TZENERELEDYE, NZ) DFTXTOHED D N> TWiuE, Z
OFENE TR K(f,) DRTH 3 LHET S (K5). —MBICXBEEE AW CRIEHEZEDIRT
Y, IAIRTEY KMOBIIREL LS. LErLIDOBA, Y@ cDThsZry, HOH
DN DB eh OIS FRIEIFTIEY 2V 7EEONRTH 2 Z e DMRIETE 5.

L7ehioT, KHMEEZHWTHEY 2V 7EEONRTH % L HIE SN i FERICiE
Va2V THEEOHNETH 2 I PMRAEATRETH 5.

L2L, $RTOY 2 ) 7EEOHNEIRHTE 2D TldRV. KEFIEIC X > TXEDE
A, RRTHIENRTHE2DDNEI TRV EHEIN TV AAREED H 5.

X 5: (1) DHE OFEE GHESRI T D o)

Q) OEGE FTEBEOXHE NZ) OMESTXT D OHMIITH D, 2o fNZ)ND =@ i
TG EEEZS (K6). ZOHE (1) LRI TH Z PXEZ2ERSERPSBH L,
RAEINCX BTN TONRD, D DIMINC D XD 2 Z LR FIET 270, FRETH-T
BIHEHY 2 ) TEAEONDHETH 2 L HIESNS.

(3) DG T ZOHBBERFUTO_onEZ 6N 5.

- FHEBEOXE NS fN(2Z) 23T RT D OIMAITH 20, KEPKRESFRL TR T O LS
X EED D 2B TLEHE. ZOBEE, N©Z) & K(f) ODNSEEEGTAREND D % 7=
D, ZIZ K(f) DNRTH 2L bNORTH 2 & HHERARETD 5.

CFEBERDPKIS DL SR ZGA. ThbB NZ) DHiED 5 B WL DOhE D DHNTH 3,
BDIZNEICHER 27— . ZOEES, ZIZK(f.) DNHE HDHTH 2 L bHETETH 5.
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KREITIZ, (3) DHEE DX DU DD D DH & 722 72 DHEREE L 72 25E Z 5 Ko(f.)
DHETH B3 0NEDETH 20O MM AHE» 2 HRm T 5.

Re

6: (2) DG DFIEHI GHREFERDTTXT D DI

7: (3) DFE DOFEH| GIEMR DR D OFMll»D D 2> TW\w3)

33 DEM LXRGEETESNZ S 1) TESONMIDEEHOREE

Z I T, HIENCTHNRE BHORE SHEENARETH > Z %, DEM ZHWTIREY 2
V7 EEOHHOERTH 205 HETZ I 252 %. DEMBZFHY 2 U 7HAED e iifs%
MilT 255 THD, FTHEY 2 ) 7EEOHOE»SD—2 Y v FEEEEE W CRHES 2 57k
TH%. DEM Z[XRHEEZHWTHEL, LSM LRI, XEDOMENTXTHEBTH 55
a5 6%, Y 2V 7EEONHD MR TH 3 LFHliT 2. LSM OfEFR £ DEM Off
REMAGDEZZ2ICED, BIEICTREY 2V 7EEONDRTHZ Z e PMRIETES. K9
F, XHE#HE Y DEM ZHWTRHEY 2V 7RG ORB L P e bl L 725D TH 5. 7
L= 7HHES, BTRLEEDD eifithen5.
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Re

X 8: (3) DI5E DEHRM GHREAER DI HL D O NI & SMAIDELE)

£y

[ 9: DEM ¥ XRHETO K(f,) O (/£ : ¢ = —0.1226 + 0.7449i, £i:c = —0.222 + 0.71838i).

4 FrHESEOFRE

LSM ¥ DEM 2 XEEEEZHWTEHETZ Zick b, REY 2V 7EEONEB XU A
PHETEZZRR L. LeL, 2200703V XL EMHALTHIHETERWAIELT
i, XEOWREZMZ 2 HEOBH R ESHROE 572 2 ERNUOBRENRETDH 5.

F7z, FHERREICE L T1F, KEEETEXE ORI N TN T 2552175 RELNDH 5 7
B, FEVNIUGTBTOEOHAICHANIURIEL 2. L L, BHETOHE L T,
THBENLEERETHREZE LN 20, FHY 2V 7REDFHEICBVL T, XEEEIX
BB FETHELERS.

BEE
Fox OFEREEREL #d, HEBEIAY P ROEEWLEEREICEHROBREET 3.
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