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ABSTRACT Boid algorithm is first proposed by Greg Reynolds in 1989 to express some flock or grouping
behavior of animals in computer graphics. The algorithm is simple and it tells only three rules to each boid in the
flocks: (1) Avoid colliding each other; (2) Keep the same speed as the nearest neighbor; and (3) Fly towards the
center of the flock. Giving these three rules to each boid, all boids organized into one flock and keep flying. Of
course it is almost impossible to predetermine the flying paths of all boids, and the boid algorithm gives surprisingly
good result with only three simple rules to express flocking behavior of animals. Numerous researches have been

. performed regarding to the boid and flocking algorithms. In the present report, using the boid algorithm, first, we
show the transient avalanching phenomena of flocks caused by the attack of predator using a famous cell automaton
named the sandpile model that that is first introduced to explain the self-organized criticality phenomena. Second,

using the so-called chaos game algorithm, we show the take-off behavior of flocks from complex structures like a

tree.
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2.1 ACHRLERRR (SOC)

B AR LEE RIS (self-organized criticality, SOC)
V%, 1987 £EIZ Bak, Tang, Wiesenfield T & D 1RIEE
nr.
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BERAER EART. TN —IVIZiE> TREIRES
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z2(x,y)>z, : z(x,y) > z(x,y)—4

z(x,y) > z(x,yx1)+1
z(x,y) = z(x£1,y)+1 (2.2)
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V% Prey M8 Predator ICIEHDNTWND ENWS B E 24EE
L.
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3.3 3REBUETIVOFERADER
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BIZHFANIREY, ERICULMEI SN,

Frz, M4, BLUESTINOMDDIZELEKEH

WzkkFTh 3.
< &2 BT,
NTETLFV,

SELIFERHWEES, ke kE
B4 DEHITTSITARESENLH
FOEEHNHHLTLES., £

7=, INELBMoBIRIEEAEHRNT, EEOHNE
HEDEDbLLRWEE, FELEKCEBLETIV & B
WFRIBIERINEND T, Bholhz28RICRE3
EOORBORAGZNEBETH S, £/, Bhov1 X
MELS RWILEFIVIIAr —IVARER R E /%2R
LTWaDT, BLEFNDOYA XEEZAUIFLC L
IRPNORNERETE L, ELiLKiIe<i#E-
TR EIE->TLED.
IRFTWILEF N EZRAVDIHEIILD, Kaflfio
HABIC K2 BRI NMBRBFTESLLEZA 5N,
¥/, BSICROEHEETY I L, TH%E BoidiZ
HOYT, HEIITFIRAFryrIvETERL, LD
U7 IVITBICENSBDODN TS RFERT.

7 &
E5 BOEFYUIISETFIAFAIvET%E
L= (1)

4. Chaos Game Algorithm Z B\ /=8 h D
RUIALB
BHATIE, 7579 NEFINTHBIFS (KEH
#4# :Iterated Function System) "®{Z X > TERR I N/
RKOEFIWVIZ, LD TN ITIVXLD—D
Chaos Game Algorithm?iZ & 0 1§ & /2 5% Boid D)
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ERERT.

4.1 HBELHRAORER

Chaos Game Algorithm™®}2, MR T S5 U &)V HEE
EERTHEDOTINITYXLTHS. EEREOELH
W2 ENNBHEERROWL, i, AKREZITSIIHI
THBHINIENEL, A2 5T714v DR
THERPARREERRTINL IS VI NERTIVT
YUZXLMEANWSNZEMNEZ N, KPR E % IFS™
THERRL, FUZEH%EF N/ Chaos Game Algorithm %
A0na3Ick 0 EMARDMIE L ENEHBTILTY
ALTERTE, TOERYDEERELZBBIZGDEN
Hks, L- DXFL"NIE > TERSINIKE IFS
1L ', Chaos Game Algorithm iZ& > T 57k
FEFE % Boid DWIMECE & L THRIAT 2 KD LD
IZUJ. BFTIE, L-System iZK DER NI AKDE
FIEFERAL, FIMN5D Boid DRUN S 2ERET
5. F/z, Boid DELEMNFMND R TNK DITEDEN
EFNVERAWE, TORELUTOME6 TR

4.2 Chaos Game Algorithm (CE VB 5 h/-BhiF %

BuWiRUILS

Chaos Game Algorithm T#F 5 $1/= 513, Elton DFEE
IZ2& D, Chaos Game Algorithm D7 k5 27 % DZERIZ
—RICHBO SN TN T ENBMEMICHERINTY
%, F72bHB, Chaos Game Algorithm % V) 7= S DH),
HEESO TS ERONRLH—ITEHZEH TN
Z &1i2725. Boid % Chaos Game Algorithm D $EFDE
DIZHWEREE L TEREBL, ZOEFEHIC/ZEDIE
BRI /EDZEIE- T, EHMICEBES N
Boid %, {078 < £EMICH—ITRULAE D I &t
T&5.

Boid DI EE Zh S5 TRONZRDELEICEH D
BTBIEITET, Z S5 EHNIZED A2
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BETA I &AHED. £/, BEEZEDYTHEIREC
RUNMFEDZET, US5ORBRVRIUENRTFTE
HEEZD. BNMEICBOLIREEORINRES
AFBAETBNT, IR, BS5DRBNRUILBM
KHETEZHDEEZEALNS.

4.3 IFSO7 FLXEAWERUTILS

Boid D fJABELE % Chaos Game Algorithm IZ K D 1§ 5
NI-FOEEIZE O YT, BUIIRUGIL > /- Boid &H
BERIBUC K D/ o NAHEBMO/NE VD DM SIRICRT
MEEB. IO EICLD, Chaos Game Algorithm IZ
&> TBoid % IFS IZ& > TYER SN KDEFTIVIZY)
HiREE U TREL LSS, EEROERAICTIEY Boid
Tid7z<, FUEPEWERIZIEE > TS Boid M5
JEB IR/ HBMMRS. BRIV Boid Z
RULEDLDY, £EOERLBEEEZXDE, 7
RLZZEBAWEZIEIN, LKOBERBRUILENERBET
EL5HDEBDONS.

Fr-, AHETHERLEIFS ZHWVERDEFIVIC
2, FNFNOHIZTZ RLANDIFSNTNWSEDT,
FODT7 RLVAIZETZBoid *EET 2Nk, D
7 RUAZFAT2EITL D, Boid ZEME L - WiBFR
WKEETS2FDHHKS.

H7iAKDEHD7 RLZADOEID Y TOHIERT.

4.4 RTHR

4.4.1 ER

Chaos Game Algorithm % Fi W/ S 78t ~\ DB iE
DEFTHELT, H6DADEFIERNS. Fik,
Boid DELEMN AN DRDT VL DT, FHEZEZ LITAAK
DEFIERN, EAICHESEZBWERZLTIOR
9. F/=, KT Chaos Game Algorithm Z W/ H D
L, FOWMRELZI-DDE, FORBHREL T5E
LHBERANWEDDOERY. THEN1250ED Boid &
HEIEE-HDOTHS.
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813, Chaos Game Algorithm DFEZR & | E 1 —IT
RELIp ZANVEZDDTHS. IFS, T, T, T, T, O
RETNTNp,p,p,p, £ETBHE, p=028, p=0274,
py=0.184, p=0262 £72%. M8%HRDL, HOZNE
Z AT, Boid MiZ<EEZEIN, KKV S52<E
BRTHONTNVWEDONSGMS.

913, Chaos Game Algorithm DR ZZEZ, T 5
DHBHEBEEITOIMRTH D, KDORFEFRRIT, p,
Py Py P, &R & p=0.53, p,=0.19, p,=0.14, p=0.14
2L DT Boid DELEZITo/HDTHDH. K6 DL
XTS5 MHD, KOBLHEIIZIZEAEREBS
NTWiRNONRHNS.

1013, Chaos Game Algorithm D D IZFELEL
BEEHAWTAROEFINICEREBESEEZHDOTHS. K8
EHRDE, REEKICEBENTNHD DN, KO
WDZBRWIZEFRRSEEINTVS DRSNS, £
e, WAEFICHEVDREEBDZIEWRED DH SHEE
BEiaoTWa,

BB ERAWERIZ, KOS5 <BEBEI®RELSTH
ROMNHTLEOREMNHS. LL, Chaos Game Al-
gorithm Z W5 &, ZEMNICOSRKREET 531 H
KD, Xz, VoDHBEBEITVIEVET, HEEXRZ

H9 WREEARE

ZBANTOS OHLEBETOBEMNHKD. £/, £
DERRDSDHIEBOERBERDETNENDEE
EZAHHEIZED I b O=)LT BHENHIES DT, Chaos
Game Algorithm IZ X SECEIIANTH D ENA S,

4.4.2 MUALB

Chaos Game Algorithm % f W) /= TR B DEFTHI %
LLFORIZRT. LTFDE 1113, Chaos Game Algo-
rithmiC & 0 15 S N7z ORI DN RIL B 2D D
THhad. KOEFIIZ4.4.1 TRLAEKDIZ Chaos
Game Algorithm IZ & o T 125 [L® Boid D F) Al & % 1T
VW, FTOMEBENSDORFILENSEHEOBHNIIBITT
B FERLTVWS, ABOETTIE, #FHLED>
Ea—DAT) DEFRETEZSDBoidZEET S &
ST, 125 LA K Boid & 72> T 5.

Chaos Game Algorithm IZ X D RDOEFIICEBEE &
72 Boid MU SRLKRUIULB EITo TWEIHRTFTHS.
X/, ROILSEDERICENETND Boid i3 < DR DAL
BEAEZAN, TORICHESBVEDIRARAD
RO B ZTTHO> TS,

5, XEHESHRORE

JEEHEBBHNOE) X L LT, Predator-Prey RIZH N
T, BENDBEICEDONSBEOHENNMNSEIZIZ, B
CHBLERABRKEOHMMRZRHL, BCSHEBLER
REROREMBZETIVTH S 3 RWILET IV & B
NoOFNSEHEITHEAL, FERLZ.

HHI—DOHNOIEEHRHEZELT, BNORS
MEMEEREITo /. £, Iterated Function System
&> TARDEFINEERL, TOARDEFIVIZEL
254002 5 % Chaos Game Algorithm (24> T, Boid i2%])
HIECE %5 2 TRV, Chaos Game Algorithm IZ& > T
525N SO TROEF VNS DRI
L5 OEEZRERL 7.
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/=, Chaos Game Algorithm DFERE L X D,
[FSO7 RLAZHWAEIZLD, BhORUIBEO
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