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1 U

HRAEY R CIERA=RKERAOEKNZH-3 R0 T za— T TH 2, ZOL S T
FESIEROERGL AT, BXASTRETE 3720 THCEEIN T (sclf-driven particle)
Evh, TOEMEBOBHEZINETOZ 2~V RFOSHEREL IZR L KL L RURE
WHRRERT, Z2ODRL RHRIAEET2bND LI H>TES,

TS 2BOFRE LT, MEMWBEPHBNE,. ZLTZNS0EME L THRBRAR L
FiLHVLNTV S, BIHEBICMITISASEP GENFHMEEER) R2oikEthsEn
VY VBB CRTEERERLEbN, I RMETREECNTFLLTERTES 0T, B
BOEFLELTHEATHI I LB D> TER, ¥5ic, ASEPIRFOHRAD 2EEL
FUTEaT—=FA I AR AND L, EEBERIAEVEA TR EIRTFE—F—DEFLE
LTEABILNTES, BRX TR, TIRERERLHOLEDEF NV LT E—Y —DFL
VEFLZRENL 0,

2 EOEXREEEEETIL

KBROETFNZINE TRALBOOPRREEINT LB, FNSRAMLTI 7 aiEss
CEBELLETNEC UL BERDPONLD, BLIUBRERNLZLO LERRAWLZLOLL TS
BTES[L, 23, ZOPTLRICREDREROBOFARERZHATE LRI LT3 D
DELT, 7 uRREFMITTNVTHZREHE (OV) TFNV 4, 5| BHiT5N3, OVEFIL
EWTR, SFEILEHHER

e
zﬁmm=aPWMﬁ»—%Mﬂ, (Azy(t) = 3341 (t) — (1)) (1)

RS, TIT, 2(t) EER L TO i REOROME, V IGERMER Az OBRCRERE
(OV) BI & PRIEL B, —fiic, HERRIVE 7L IRBERGE F LN LT/ 1 22T s
BRIND, THICN L TAHRETRERDHEREEATS LWL IHFHLLEGOTICEREL
A=r2 bl EARBRETNVERET 5,

2.1 SOV ETIL

T EBE-KTORMET EALL, V4 MR LET 2, BYA FRRBAT—BDHES
ABLDET B, FEE, HRELUEBIBELINTHT, ZLTERF Y 7HIc—FICH { (parallel
update),
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MERDHERET TN TR, BEOEHIIRERNTH 2D, ENZII2NEHh S 0EBYHZL L
THAANDS Z LIS X DEERREF L E LTS, TR, o TSGR ZEAT
BIECEVHEREFANEHERT S, Bt KB B3&H i =1,2,... NOB2 2t £ T3, Z
I, i BHOHEONA R i+ 1 BROBEIESTWEbD LT B, wilm) %, &8i=12,... N
DRZItIZm =0,1,2,..., M ¥4 MEUHEEE LT, 1% intention LRI LICT S, =D
-1

M

> whm) =1 (2)

m=0
Thd, wh={wkm)IM,, ot ={zi}}, LEFELZ LKL T, intention DEEFEZ ROWICE
DB, '
witl(m) = f(whzt;m). (3)

L, i wh0),wi(1),wi(2),..., wi(M) B LWt b, 2L, ... 2k, mOEETH-T, Rk
RT3 DTH 5, 2LT, BREEIMUTOFHIE> TRHEET 2,

1 KRl tic®8lr 5, HOME ' & intention w! %5 (3) > TROMLITE ) 5 intention
witt ZEET 3,

2. UY A PRV 2RO oM Ko THER B, Thbb, EEHltioVT, Vi=
m € {0,1,2,..., M} &% BHERD wi(m) TH 5,

3. HFHRBHOEIHEEL b X )L, NTETEYMUTOLI iR S,
2t = b + min(Azl, VITH). (4)
L,
Azf =gy, —zi -1 (5)
ThHY, TNREEOHERHEELZRL T3,
EROEFVCRICBAREEE M =175, 21T,
v} o= wi(1) (6)
Lrug, Q)5 w0)=1-vtTHB, Re ol OBBREL LTUTOREZERS
ot = (1 - a)ol + aV(Azh). (M
JIT, VISHRERE Azt OB THD, alZ0<a K 1 EWETERD T A-FITHE,
PIZXIET B (3) 1F

{wynnzu-amﬂn+ﬂﬂAd> (8)

wiH(0) =1 ~ [(1 - a)wi(1) + aV (Az})]
TH B, R (7)1, HIHIBIE (F% 1) @ intention TH H, HIHRBEDRYL (B Azl
%R D intention ICHLHY AN BREZ R L Tn 3,
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—7, BEOEE 2! ORHERER,

t i1
: PR S S

Thb, £ LT, BRIOWA4 P REREE L TOAWESICHHEOB%T
(zithy = (ah) + ol (10)

ThHB, EL (AR AOHREERL, R10) B wi(l) = BBRKEEM =1 OBAIEHD
BEICHIELTHWBILEERLTWS,

D, ZOM=1DBRRKBR>TRLADEFLOBELZHS ML TV, ZOEE, Eido
£, BADVEAL 7z intention E W IESREOEEBICEETmI NN, E5BEDET
VEDRIEBROND, OVEFNL (1) Z2HBILT 5 Z LIt & > TRLNBERI OV £ 7 [6]

ot =gt 4ot AL (11)

vt =(1 - aAt)! + (aA)V (Azt) (12)

E(NBEU(10) 2HET 2 &, BAWREMDBRONS, 2T, RAZ (N ickhEroh3
U ORERE 7L ERREEE (SOV) 7NV LMY, Zhicdbe THERV 2 BEEE (0OV)
BB EERZ Ei2T B,

R (10) & (11) OBERRI, (10) RILT BEM (TROBERMOY 4 MBI ) H3h &
DTS (10) 1 (11) OWERIBRIC Lo Tw5, L L, 29 ThLEBSIZREMCanED
LENRAUHA McEEB Lk, (1) LHEARL», Zhi, OV EFLIIEEL ET 3
AHAEHEI TRV LTk S,

2.2 SOVEFIKEENDTRSERETIL

SOVETFN (1) B—2DHELNF A =5 a 2R TwBEH, a=08EUa=1DFAHIT KL
Mo A@RET VICREENS, 2T, a=0DBE&. (NP5

gt =vi=-=0] (13)

THEP6, TNTDIRNLTY =p(0<p<l) TN, SOVEFLIBHERp %FDAS
EPIBESNS, (Figl 2H. Hiip=10B&L— V184Nt — = v Th 3, ) i,
ASEP DEARIIBIZBONTHT, BEXp, B2 QL) LT3E

Qo) =3 1~ VI~ dpai = 9| (14)

TH 5,
Kica =108, (7)ik |
vt = V(Az)) (15)



167

B 1: @ denotes a car, and the cars drive to the right. When the next site is empty, cars move
forward, otherwise they do not and stay at the same sites.

LY, KD intention ZBFED BRI Azt DADSWE 2, TOBE, ( REHOHIC ActHD
EVA-EFBEEDOREE AN, chi¥nL vy Fuk R (ZRP)[7] LN 2 RERAR L
A% TH3 (Fig2 ), ZOBERBRICOWTY, EOREBICN T 2HERIAHIRE I E T8
TH5, 44 FMRL HOBENICKLT, ZRP DEAR RO FHEIME>THEEZNS :

i-=2i-1 ¢ 1+11i42

2: The boxes correspond to cars, and the balls in each box shows the headway. We can move
a ball to the lefthand box. The probability of a ball moving is determined by the number of
balls in the box.

=N
p'_'L

) =7 Z V(z)p(z) (16)

B, plz) 3H5EOEMEMY z 4 F ERIHERTH-T, THIERHTO L) IKHRSINS:

- V() (z = 0)
h(z) = 1-V{y) (17)
I—WﬂII V) (z>0)
sTB e Z(L-N-1,N-1
pla) = by LN =), (18)
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zzT, Z(L,N) ik

L-N

Z(L,N) =Y Z(L-=z—1,N —1)h(z), (19)
=0

Z(z,1) = h(z — 1), Z(z,z) = h{0), (20)

KX DEREREN D,

2.3 HEEXREREETNOEEHE

BREEEEE FNVRABLERE T VENENRAI A —FILL Y BEGLE LRI T
WT B, TONRFRA—=FHR—ROER LEIBECIIEBICBECILRELY, 22T, HER
YEal—vavitkh SOVEFLOROREEHOMZT S, 22Tk oV EHE
_ tanh(z —c) + tanhc
- 1+ tanhe
ELTSOVETFNVOEARZFH L EET 5,

1

V() =3 (21)

0.8
~ 08
z

> 04

0.2

o

¢} 2 4 & 8 10

B 3: The optimal velocity function. It gives an optimal mean velocity V(z) according to the
headway z. In this case, 0 € V(z) < 1 because the maximum velocity is 1.

T, RIA—F o WURLHEIAVBEOKRTE2EET S, Figd RAIA—FDfik a=
03,08 L LFEDIDSOVETNVDEEREZRT, o =1 DEAIE ZRP OWHEED & BAR]
BEBIHEINEY, a=08BETONTTICERTETHS, LhLl, a=03 TREE
OHREERTITNEL B,

TR LT, SOVETFIIEa=0TASEP ILEESNB LS T, a~0TIRSOVEFL
DOEAFE ASEP DZN L ZEL Bt Wik 5, B, BAN & 3+ RESRE L =80
MBZ 70y FLADDTHEY, I TiRa=001 & LTREZE (¢ =10, 100, 1000, 10000)
W7 EAR R Figs IKRT, Fighic kg, Zo SOV DERRIIFRZIL 1 = 10 BETIE (14)
IR TN ASEP OEAR L —BLTw3, LaLl, BEOEEE &b SOV OERRIZ
BEZZTASEP » 53 (¢ = 100, 1000), & 5 ICIZRBOBRAMEAL CHEE IR L T REHRIC
%% (t = 10000),
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4: The fundamental diagram of the SOV model at @ = 0.8(left) and a = 0.3(right) respectively,
including the exact curve(gray) at a = 1{ZRP) for comparison. The system size is L = 1000,
and all the simulations start from uniform or random states.

2.3.1 RERIOEZR

BBk di, SOVEFNVIZa— 0 DL FICHEHEREOWHRERZTIT, 22T, Kice=0.01 D%
Bl EARICEN TR REG L L (RS, Figb KN ERRNIEOEAR ZTRT, TIT
F 3o ENFNEHRNH (FEVPREVWREE LA b TICENTLTw3), BEH(NEIR7 7
AT —HEECEL TV S), EEE (REREEINEZ 2T 3) KR L TRATW 2, BHE
BREQEEZROBYELTHN, ZofEFRHEOBREEEIC—KL w3, BAMIHDOHEDY
S LTHBMEL VNI REOEEZ2H OB TFDH B L LTHENS, 2L T, ¥iHRI
BOEEER/HOBLTOH BT L LTHNS,

Fig.6(a) I21ZBE%0 ¢ = 1000( %) B XU ¢ = 5000(@) TOEAM%E, Fig.6(b) icid T ichd
B L 7258 (¢ = 50000) DEARERLTH 5, TEFERMLIC, t=1000 DEHHELBESHEOH
B = 5000 DIEAH L IEHOBIC ORENBHIZE N 22, Th6RRD &S BRIE TR
LTws, Tibb, BE = 1000 D& 22 EHHED S BAEADOBRINE I > T»T, KA
t=5000 TTICIRIDEBERIIFT LTS, RboT, BRAHDYSEEHNOERPEI > T
%, ZOBBLEL L = 50000 TTRIEFZTLTWT, ZRUEOBBIET & LWERREC
ELTWw3,

Fig.6(b) Ici2 6 »D B 3 BEFEEBR 603, Thbd, HHERKS (ABHEOZZET), 2
BB By (H A L RAHZ ST, Thoi3E), s BEREFRT(AHM, B, B
280, o TARTERE), 3ERESER TL(H M, BaH, MEH2E0. RUOIORE
FETH B, WEHOHEE), 2 BREFER B(RAHE, RMEEET, MiHERERE, ®¥E
REE), DEET S, HEREFATIOL ) KA—OFEEICH L CHKO R % 2 REREIHE
B EKREHE SN TR,

X5z, BE =014 R T, W) CORBOBELEN LTS (Fig.6(b) DRHEI). Fig.7 i
BOBBZEL (2) BXUZRICHIET 222X (b) 278 F, Fig7(a) i iU, WPRE: LTF
B AEELIRS & Chidt ~ 5000 3 CHBMICH D, ZIroREHEDEDHLEBEZET
T 2L, t~ 7500 ECEAMICEE D, 2IroHUOBBREI LEHICELSL. 0L
I BB R ERERENTEET 5 2 L RERE FARBOTRTFENAD I L THB. Fig7(h)
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B 5: The flux-density plots of the SOV model with a = 0.01 plotted at each time stage t,
starting from uniform or random states with v{ = 0.5, including the exact curve(gray) of ASEP
with probability p = 0.5 for comparison. The system size is L = 1000, and the number of
samples is 4 at each density.

TRIDOEEE L IZBLERBIIGCTE-EY ERHENB 30y~ 2R 605, %)
ICHERRICRES N EEIZ L HRICETT S, Lal, Bt ~5000 06 8R/NER7 IR
T—PEEREL TR RAENRRETENS, ThoDhE R IR —BIEIERENBLEBDE
L, 2LC, B¢ ~ 12000 » o RIS K ELEMCREL T3, —BEERINEHBEI—F
DERETETAREENICERL TWL, Z0kHk, BREOHFEG2ESREMOBNIEIER
(dynamical phase transition) &, ZOBBELEFERI LT 0380 HRNEEERBOMN
(sharp spontaneous metastability breaking) RS EFTOEF LB EONLEVLDTHS, Thb
BT A—=FROVEBDO L Y HIRELZERKT, FHIBEHTH 3.

3 PFE—I—DKHF

RICEBNTOKEE ZOWME LT, FFE—~7— (¥ 200 ORZ\HIZOWTHERE
FThHZBLTEITHI ), EERTOI Fary Ry 7002 EOBERSFE—F—Ic kD
BEHICIT 2N TV Z EWEER D> TE L, ZRRBMMNELRIZNZ2EDO EEF 2009
A=Y BMKIBOLINF—THLHEANER>THDOTH D, L CHEERI X -
TEMTOL bDTEA Y, OBBERED A &= X LI REHEKELS, ThEoRs Lfe
WRINTENL B, o, BFE—F—ORFTCL DEENE 2 L, 2L RREEE SR
CTIELHOPR - TERL, FIRAIE, HEEOMIRERR P A IYNA 2 —HR ETH 3B 9],
LEBo>TRTFE—Y—DEHEEMT LI LRREEETHY, TNETIDFHEDL I
HET 20 DERFSRIT 2N TERL (17,18, 19], FFE—F—THI XL VIBLELH
NONTELD, MEOFRT /I3 4 OBEUES D, 2OEMMEMA DXL EBLICELRD,
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X 6: (a)The expanded fundamental diagram around the discontinuous region with @ = 0.01
at t = 1000(gray crosses), £ = 5000({black circles) starting from two typical states; the uniform
state with equal spacing of vehicles and p (= v?) = 1, and the random state with random spacing
and p = 1. We observe three distinct branches, which we call the free-flow, congested, and jam
branch. They survive even in the stationary state, which is plotted at ¢ = 50000 in (b). In (b},
we also depict the averaged curves in three branches (gray lines), and distinguish the regions
qualitatively by the vertical dotted lines from Sy to Ba.

TRCHBAZIN TV DT TR, FCEoTFoBE LB BBOERRRIC RS R
FRREIED S B, SN, HERHTLOHEEAF 2L v Th 2 KIFIAKERZYTTEDET VR
ER L. FEL OHEBPENRRLEET S,

INETOFRLVDEFNMIOL OPREINTETL 2, ZRHIETXTASEP (IBX
FRBMHERORR)(15] KT ¥ /S a 7 —EE R I) AN OB DOTH Y, LU THRED
EYOBE RSN DT [1L, 12, 13, 14], BBz ERLTELT, &
BRrORBL LA THSL, STFE—F—REBERTHD, ZOEIIEMENY L 7V
ko THREOTVRE, ZLTC, HEXF RV VR T I727 V7 F 2y MEETH LELOTE
h, CHSREFELEEFANEEND, 22C, IKSBEER LT FALEEREES 3R
KL[16), ZLT, EFAVRSBNIRA—F— 2L THEHRIDBHRLRCARLLIEBTED
SEERRLI, T FRVVOBBORTERRLL I 2L —va itk YElR%, 2T,
ZOETFTNEATXA—FREAEORM, FhBHErI2L—v 2 vBREEROBEHEKEZE
k9,

3.1 HBEFRIVVKIFIADETI

BANEIZ 7O R 74 AV FOEPSRED, ZOLIERDTB 747XV Ra-F2T7Y
VELONBEIY VA BB TFRICES L THETRS, 2LTHFRIVREDLEAT A
P8 75 ZAEROMMED H BRI EN T, 9. 1RKDT0 747X b LYA
RO 1 RIBEFTEFIVLT 2, 20 IBFRF 27V 1IOFCHSL, ZORIIEF 8 i TH
B, ¥ 2L VIINKSEY A 7 LV OBICELENIZ 4 DDREE & 5, 2R RS VEMRE
(K). AT PREARE (KT). IkDEED ADP LY vEIHEE L7oREE (KDP), ZLTY ¥
BE i L7 AD PEAREE (KD) Th3 (K8), 2IZT. ¥RV YDOX A=A NRREICEHE
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B 7: (a)The time evolution of the flux in the case p = 0.14 starting from the uniform state. We
see two plateaus at the flux @ = 0.14 with a lifetime T' ~ 5000, and @ =~ 0.08 with T ~ 7000
before reaching the stationary state. (b)The corresponding spatiotemporal figure is shown.

[X] 8: A biochemical cycle of a single KIF1A motor. They are devided into two mechanical states
as shown by the broken lines.

T5e, K& KTRERBMNMICEZEINTED, 28k, KD ORETCRENE 27
FUOVEBEITES, Lo T, RAZANEREADSIZF 22 v INVE L CEERE (2h
ZREBLETZ) &, 777 EEHRE (Ch2RE2LT32) 02o0RBIIRAXNhE, #
LT, BERRRER, FROVIEREBLL»ORB2A0BR, 23 h ) VB2RETIBIZOK
ERTHNED SEENP T RB LV IBENHZ L VI 2L TH S [20], ZOBNELS DR
BidZ o & ERMMTRE I Dzl v, 2L THIBNEADHBIZY A FBZuTuidn-oT
LYAETHSE, LAdosT, UEDSF 20 VOB 3REEECAEF VI E>TEF L
THOMRYTHSH, N3, H5T4 Mfldukn (0), RE1oF2s v (1), RE20%
3o v(2)THB,
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RIE 7 v 2 HHE L, BHEBBA—ALIZOWTRUTOL S itk 3,

& : 0— 1 with w,dt (22)
BEL . 1 — 0 with wydt (23)
MK . 1 — 2 with wydt (24)
- " 2 — 1 with wedt
7=k { 20 = 01 with wydt (29)
s 20 — 02 with wydt
v :
777 v ER {;EéQGMmWMt (26)

BNEDOHIRIE 7 AE S BOBEPASV I BT LR RS TR I LBReNTE Y, Z DR
BRELRALIDSDEEE D, LEdoT N7 ORER W, DR D KEET o, HETS
ET 5, ARV IBRE 0, RO Y IKEMRT . BIWTH ¢T3, 2L T, 777 vilg)
L=t wp 220 Th, EMTIEy. AT G &8, TITHRAFEL, 2RZ0REDX 2
VUREBWRLTEY, BEIIRELIOAR, 77V ESHIIRE2OATRI S, ERABERIN
TRE1IRZS>TOIDOTHELFRERTS, 22T BEAZ R wp b w, DEBRTIT=7
YI3Fxy MHPORES, EVIIETHS, V— T w; THIEL. w, P57 F =y MEEIEDT
KEDBIEEEZEAEZRLTOS (16], BEor—n%, EEHEERL e AP —-HERT
BETLTEIY, 2N, At 0T, Y14 MICREBLBIV 20X 20 2 BB THER
EENFNry, b EBLE, UTOX)RRINS,

dr;

7:;— = we(l —r; — hi) — wpr; — wgr; + wshi + wfhi_1(1 —r; — hi), (27)
dh;

s —wgh; + wprs — wrhi(l = ripr — hip)

—wphi(2 — rip1 = Bip1 = ric1 — hie1) Fwplhicy + b)) (1 — 71— hy). (28)

3.2 NSA—F—DREEVIaL—YI3Y, BLUER

CHDEFNICEEINENRTIA—=F—RBIRTINETCOEBRERPORBEDLILHTES, &
NIZZDEFNORERFECH Y, BBIRYL fitting parameters 138\ 720, HER & EEHRZ IR
THZENHES, £F, IF 2y FOFEBRRERLD wy/w, 2 3/8B300o>THY, o1 TTFER
BTOADPYY—AL— 25 wytws ~02ms™!, BVE B, ZZTET w, 220.145 ms™! and
wr 0055 ms™t LV —FRRBEOIENTES, FRMBL — M X wg ~0.0001 ms™ &Y,
THURFRY VBEICE S, ERAERE, ¥RV VBERCENVETR L, w, =101 C/Mss
LEF LTRSS, MNHRAERRNTOXF A VBEC 1055 1000 tM TH B2, w, D
ZABIHEIZ 0.0001 ms™! < w, <001 ms™! L BBbNB, £, SAHATZYA=RAVTVOER
RIiSR& D, ATPEERZT E¥5& wyle (4409/T)ms &%, Lo, wy DHIAD
0<wp <025 ms™! &%, BBICw,  THED, ITNOHERID wp = 1125 ms™ &% B,

DY I alL—varBERTHEY, THIREROL—MEMICL 2HRZARSDATAS
EPOBEA—RNTHEY, SEDRTIRIOL— MIERICL 2 - A TELHOTE
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By, 2V PO —LT#ERDDIR w, —w, THBH, IThZE 2RI IE TR ZM
Yo (MY DETHS, Ihih, HIFEHFTREESNZFAL vIA—NZ2HHTEIL
@ [P .
KIF ;
0.001(¢1/ms) ..
100{nM)

0.0001¢{1/ms) "1~
(M) |
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1{nM)

Blue: state_1 * ¥ 1 g
Red: state. 2 0,01{1/ms) 0.1(1/ms} 0.2(1/ms)  0251/ms) @D,
0.15(mM)} 0.34mM) 0.9(mM) oo T

9: (Left) Diagram of the model in the wp — w, plane, with the corresponding values for ATP
and KIF1A concentrations given in brackets. These quantities are controllable in experiment.
The boundary rates are a = w,, f12 = wg, 71,2 = § = 0. We see the formation of the immobile
shock, whose position depends on both ATP and KIF1A concentrations. {Right) Formation of
comet-like accumulation of kinesin at the end of MT. Fluorescently labeled KIF1A (red) was
introduced to MT (green). Arrows are the minus end and triangles are the plus end of MT. As
predicted theoretically, domain wall is formed on MT under high concentration of KIF1A.

BTE, ZOMBRATPEEL X2 VBBIRETIZ L0025, ASEPOEE, FX
AVIE—NETUVFLDR =T TEIENTRINGD, ZOBHFCE—EDOMNBICEEESL
T A DSHBREE Y,
BHBIIEBIZIDIDII RN AL VIFT—ABRABLEIDHERET S, MIDENZORK
BT, RoBEIBX 2y v, BBEINETHZ, chick b, BYLREHEDOL ETERF R VYD
FXAL YDA —NDHERTEDL I L0 5,
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