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Society5.0 DEBUZ[ANT 27T v vy T T7av=r hE LT, KEREEY T 4 AT AOHFFERS
WEDHNTWD. DFEibic L5 NFARROHEAML, Siis BT A S—OMR SEife EEN OS2
FEICxT LT, BB LEIE Y AT AOMELL, ALK L ST 5. BE)EES (automated vehicle
control system ; AVCS HL[j) TiX, AiRHMOMLIGHRILAIZ LY, HHBEHEA R/IMEL, 1F1IERFORE
B2 GO ATHEm & A F X 7 ZTBEET RFEEN 2 R/IMET 5 2 & T, BEBi4 (platoon) 41T % FIRE
2L, KIRNZ2ZmiE (77 v 7 R) #KIbT 5. E2AT, BENEERS AT L0528 - 35 L EHEIC
B L7 BRI, IR SRR 9 2 B BhiE s o & kim0 A 038R 5 AR HL & 23N REAE
T LR D. FORE, A—A L v —IAFERICES REEIB A T L, 2228 cfifsRRb (B#E
W OB CEXERE) 2o (K) (b3 2 NIEEHE OFGY B BlEERf il 0 2 v 2 LRS alREME
boHL, HEEEE Y AT ADOERIZKEREEL 705 2 LRSS, iU, BENEEEAZ i (UL
T, Cooperation ; C) kg, NGEESEEZHE)Y (LR, Defection ; D) HilS & T AT L o~ OHIERE
IRV ET IMMETEDIEA . KL, 20X RHEY LU~ BENFET 200, b LEFEETD
DB, EEfEMT 5 BENEEHE 0 2y 7 NT A SR DO EBRET 5.

AWFZETIE, BlEORZBERENIH L THRWEBMEZ TR Z EPMHEB I TV 5 Cellular Automaton T &
% Revised S-NFS €7 V& @M L, HENEEE M & JOEELHLH OIRIER OB ME 2 B L, Zotay
Lo EDFE, OWTIX CA Bl L IZOWTHET 5.

o

2 BT IVRE
2-1 N JEHHR

NEHE@TOFTHESY A F I 7 A%, —BEELZOFEIHOREFIEN (Slow-to-start ZhHHE), 1 BRIZT T
REBRIOEM A A F I 7 A%EF & L TIMEET 2 (Quick start ZhH) 72 EBLFED N T A N—nz i
AT L THD.
Revised S-NFS E7 /LD | FE] AT v ZIC BT 2 WHEAEBUILL FO L S IcK SN 5.

Rule 1. “Acceleration”

v = min[Vpge, v + 1] (1)

L
(only if g; = G Av® < v

then Rule 1 is applied)
Rule 2. “Slow-to-start”

2 L) e _
v® = min|[v ),xf_sli —xf™t = 5] ()

(only if random[0, 1) < q then Rule 2 is applied), and (if random[0,1) < r then S; = S,else S; = 1)
Rule 3. “Quick start”

v® = min[vi(z),xf_si —xt =] (3)
Rule 4. “Random brake”
vi(4) = max|[1, vl.(3) — 1] @)

(if random[0,1) < 1 — p; then Rule 4 is applied)

Rule 5. “Avoid collision”

vi(s) = min[vi(‘L),xl-t_1 —xf—-1+ vi(_si] 5)

Rule 6. “Moving forward”



xft = «f +v(6) ©6)

L, xf, X\ ZTNZRIEL (1281 2 BlE Sids K 0% — 1 R #m) O#mirE, v® (= xf —x)
IXBERE, Voo lTAcEd E, Si3RmLeafcds. £, Rule475>ﬁméﬂé75‘77b Wb 7
LT L— e, 1 B B & B HE R & O s K OE I EREEC S U CUL R O 5T 5.

if(g: = 6) p =P, (7-1)
if(g;=>G) p; =P, for v“’) <v® (7-2)
if(g; = G) py=P; for v = v (7-3)
if(g; = G) py =P, for v¥ > v (7-4)

L, GIEETFNART A—F Th 5RO, g3 H & ATy #m & OB, o1 E #

B, v O XET R O AR, BRI ST LTy S — R AT S, ST LT v T T — b
TIIIRAN S AN LGRS, O F Y FiG 2 BNAIZE 5 HEjIZ [ 22> T Rule 5 2795, 2O Rule
SITEHEENG)N AW -3, b ERRONLV— LV THESN DR ABENZER TEX 5 E TV IR LT HE

2> BIAIZ Rule 5 9%, 76> T, Z @ Rule5 X Multi Agent Simulation ~D 3245 |, /L— 7 HiE & £F

.

NEEEWX, LT TERT D1 BT 4 703d 0 ZRFM 22T, B ORISR KIED - HIZHiff

BEHRZITH. EHERET VITBERICE S

AT 4 THEE
gapp<v —vllAgapn>v -V A ®)
gap}, >0
REFRME;
gapy Z vi-y — v} ©)

ML, wiﬁfiﬁufwaﬁﬁp:>wéa$ﬁ@ﬁg,ﬁ;uﬁﬁp B BHHEOERE, vP 16k
Befiiin (ST EAE) B0 AR EROME, vl s 5% EORE, gap]iXipic
*ﬁémﬁﬁmamﬁﬁﬁ%,Wmﬁ@ﬁ@ﬁ*ﬁémﬁﬁﬁﬁ%ﬁ%,wﬁuﬁﬁmmxuaﬁﬁﬁk
o B R 2 R

2-2 HE L L

B BN B [ LR LW S RET D, £/2, BELFFEN L HICHBEREERTHY, n—h
NVEEIZ LY fﬁf frid, R, MEOEEEZ BT 2 AWML A AT RIG G &, B HIZIT 23 B B s f
THLHETTITTERD. BEOLEEITIE O HEERSHL O FTE S A F X 7 ZTFTFLO Revised S-NFS
ETFUICHED LT 5. BIFEOEAITIE, FiEE® Revised S-NFS £ /L Rulel~4 (2> CUTFZ @M
5.

Rule . “Modified rule for platoon configuration”

itf(v” > vy v = @ +1 (10-1)
if (v = v
v = @ (for g; = 0) (10-2)
v = @ 41 (for g; = 1) (10-3)
if (v = v} € V3, Vnax})
then GAP :€ {gpi, ", ZPmax} (10-4)
v = v — 1 (for g; < GAP) (10-5)



v® = v (for g; = GAP) (10-6)

(L, Vygy = 5% L7z, Eitth o — o (L, 0 TEAVEA) 1%, BEEER 0 75 Ve, O
BERIEZ R DD TV, =1,V, =2,V =3,V, =4,Vs = Vo = 5720, THUTIE UTZ GAP 13gp, = 1, gp, =
3, gps =8, gps = 12, g5 = GPmax = 17\ZFXE L72. 7235, A Cellular Automaton D& /L E(Z5EE T 7.5m,
RFRIERTILERFHICT 1 B & Le. 2 O— VTG HILA 23 rTRE 72 B BhEE L 511 E platoon PN 0D Bji |3 HE
PRI A MR R & CRED T, JeATHM & FIHE CHEWMET T2 2 L 2B%T 5.

LI NEHR L & [ By EER T O 7 /L OBEE X 2R T

(a) Focal agent is Human-driven vehicle

G > a . > 4G

Obeying to Revised S-NFS model

(b) Focal agent is Autonomous vehicle and his preceding agent is Human-driven vehicle

L C LB LB

Obeying to ACC rule

Radar detection

(c) Focal agent is Autonomous vehicle and his preceding agent is Autonomous vehicle

/@@’%@%@W@W@w —

Local wireless communication
)

I
Obeying to CACC rule Platoon configuration

& Human-driven vehicle &=, Autonomous vehicle

15 NERREE & [ BER O 7 /AL OBE © NEHERE Y Revised S-NFS £ 7 /L2 &
DREL, 4T 4 T ROLESFMEEMI I ERETEZITH. 2F0, B, Ac
FFFiHR KA AT RE R/ IME) DT DI HMAE 2 L CRVGZELT 2 L 2 bR, Ko T,
PUFCIZ BB 2 ) U (Defective; D) =— Y = > b GREHEMN) 345, —JF, HENE
BAEL (L, L— & (2 &0 AT ELE & O BRI BREEEL 21TV, A OERIBEIC LY, R
B, IR A5 2 LT, BEE, Platoon ETZEET 5. 7 T A2 — (LA ATHE
& 72 % Platoon ETDOFEBUL, MWBONE (77 v 7 ADOKRN) #dETH. L-T, UFT
3 H ERERRE W 2 558 (Cooperative; C) =— T = > § (F@HEM) L35,

3 ATHEY AT AT 5 EEER

M KFEA— N3 Ea—F AT NTO LI2 2 THEMK L 72 MAS &7 /L & 3238 U, AS#Efi dif,
HEhiEiR a2 [ OB & L CEB LA ATAR VAT AZHBE LT, BRI To LB THD.
2 HBGR 18 500 £ (3.75km (ZAHY) OFMIBER 2 5%0E Lz, RNICIE, BE L2 Q@IS U TH
Wz, 095 bEG P ABENEIR#N, 780 & NEIREW & 5.
| B AT » 7 ORRIREICBIT 2RO BNILTFO®EY . (TR COEmIE, <TLLT v TF— R
Box, LR U NGBS, NGBS |2 e 2 B BEis B, B B)Efs sl |2 it 92 B BhEii s
WOu Yy ZICHESEHEFRHZITY @EL A F I 7 2T THARYY), (i) AEERF 2D\ THRR
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BEOA BT 4 TRIEEER, ZORE, EREETLI2—V =0 MIVA U —% R8T 5 (ki
U FR A R A BR), () REEIIEE T D, (ERFGEu-T I L AR L L TR
MRS R H ] 2 ARA T S8 5 (ARMICIE, — B, BUEITHEMR CRIE L&) S RO B
VBB S, 20 LT, EREFEHOETEGERA EFH LT, T XTOHEMIZOVWT Rule5 M L
THEEH T2 ; BREEL AT I 7 ABLOHBEREGOFEL A FI7 ZAD%ET).

ET NIRRT A—HDFEMIZg =0.99, r =099, S=2, V., =5, P, =0.999, P, =0.99, P; =0.98, P, =
001, G=15LF2%. NEEHEEORKEEIL V=5 (1 BAVE 7.5m, FFEZERE 1s ORENL, ZOfE
FEHE & LTI 120 kmh ITHHYE %) &35, —TF7, HENEESHEM L, Case-l & LT V=5, Case-lI
E LT Vimax=4 Zi%E L7z, Case-1l Ti, BEREEEHE D7 Z X % —1b (Platoon E1T) 12X VA L3 5%
WA RIE L LC, LRtEOBLE D R @ s g 2 b L7 E & IE LTz,

FEROMHT T, PINCHE T2 T & ABLE L, WMAVSNEET S E TBEFHE (1000 27> 7) L, %
DH%D 100 A7 v T H s L CHEMOEE L 7T v 7 A%FHEL, HO, PHNIRE SO
V= RTT—X &8, Zhz 100 [E#RYIK L, 100 BT >4 2 TR &8 - TR RSG5 RHE & 3
5.

AT AT A EOFEER CIE, Z@EER L OHBEREE /0o b CA #Hili (il (C) ——
T h) L ANEERER EYY (D) ==Y k) ORER (BEMIZITEEmR IS5 CA Eiljo
BT DL THER) 2 RAMNLICEZ RN S, EFHOTRNIGRN 21T 2.

4 RBLUOEBE

TE A CRIE SN D REEMATAE R D, Wm—V = v hOVRHE L RlfiE (77 v R) &
BLAIT 5. X2 28 Case-1 O HBEEEAH T & NIEESHE IR R, X3 2 Case-ll DZNTHD. KOK/ 3
ML, EHUEREEEMENG S (@), Fial, A X RENE L THBME L IRME R T 2% O H
(b)), K Td D stop-and-go N E L D EEE () OREREZRL, SFXAHOFELERT A ILEE)
i LW (C=—Y x> b)) BIOAEIRER (Do—Y =2 b)) OFHFIEGE LToVEEEE, BT
A NI ERE A E®R T ORET 7 v I ATHD.

B 2(a) TlEa R (HEREEEm O LE) [TKFEET, C, D=—Y = M bEHEE Vnx=5)
BERL, KRBT 7 v 7 ARSIV U CREZ R 2720, ZHUE, BiESmnGIcE2E L
ZRVRILAEE W L, neutral game & KT AT —AMNRZLZBFELRWVRERSTND Z L ERT.
B 2(b) TIE, S FHRFIIHHR 1 3bbRHm 3 B #NEE W Th ) b LB aIlZR S D3,
CBIUODZ—Vxr FOFIBRHKETIZCOZNND OZNE FREI> TS, Lo T, F-—Y = b
DHOCHFC L VRIS A RET Z 2337201, CHEEZ L 514 v 7 ¢ 71370 <, 2N D §kig
LB AY. IhvEELS — AR TIE, Nash ¥H#Hi3 all-defectors-state TH 5, b L <L D KBl OEE
WETHDERH. UIMICIT TR THANERER (D =—Y x> b)) ThHEMIC, HEERER (C =
—Vx ) BEELTHRREBET 2 61E, PailfEop#HRcCc & D ==Yy FoflED
KNI E D oo TWBPNREIZ D, ZORERE 25 & @EE Th D /3310 (c)DFIFFHEE 1300
TEHLD, BHHETTILC ==Y = FOFIFIEI D =—Y = b EED Z L ITHERR W)
5, HENERE LD A Y v R0 I LICBWTIEHBERE (3% b)) LEKTHD.
CT—V =y MOREHEE Via=5 & L7z Case-Il OFEHE (X 3) TIX, LioBEBNLVEETHS.
KEE (XF@@) TCZ—Yxzr MIHLTD ==Yy hOEBRIENKEL L DHOE, HEhEx
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=]

B D e m R A IR L 72 EN S < D, 2 OFIFSHEEIL, Nash %573 all-defectors-state T V), FEoxf
BRPLACIL Y all-defectors-state THH 5, WH XL, HEBZFZ LOHST LU HFELRN &
(272 % . Case-1l DRI TIE, AENEESEm 2 H T2 2 & 1F, Wi, BEZR1T74THY, 1EhI
D NEHRHL ] CRREE— MO HIFREE TETTH PRI L > TH@BNIHIENTH DL LEEKRT S.

(a) Density=0.056 (b) Density=0.222 (c) Density=0.610
.5 15
5 Defectors’ =
s! 4 average )
(] velocit
S i 5
Q -—4—%& S
© 3 Cooperators’ ?n'
E average c
locit: x
(ZD 3 0 2 A velocity
0 0.5 1 0 0.5 1
Cooperation fraction
2 ; Case-1 12T DFIFHEERIEL : RIA L EFTA 1%, Kax, D=—T = MEIRH
M), C=—y = b (HENEERH) OFERE (ERYLEE ; £fh) Z28W+ 2. B 1
SR (BT 7 v 7 25 flh) Z2E8%T 5.
(a) Density=0.056 (b) Density=0.222 (c) Density=0.610
Py S 1 4 rbefcors
'g average— - c2>
o velocity ~Looperators' =
> average 5
gl I locit =
§ 3 veeng ¥
g CQSomal Optimal Flux 1 E
o Nash Equilibrium x
= 3 A ........ 02 P ........
0 0.5 1 0 0.5 1 0 0.5 1

Cooperation fraction
3 ; Case-Il [Z81F 5 Flf5H#E BE %K

BREVRD D120, BV L~ OfFE & E RIS % Social Efficiency Deficit (SED) 0% ik

FE%Z R CH 5. SED DEHEIT,
SED = 4s0INE (11)
qso
ZIT, qIIHESEHRIEDOA T v 7 ATHLESMELT T v 7 A TEH L, IRZFNE & SO 1%, K~x,
Nash %) 46 L Ol TRl L7l CTh b 2 L2 BT 5.

4 X Case-I, Case-11 ® SED % E|Z%f L THIWRERTH 5.



L D-dominant
Trivial

Social Dilemma(Bi-stable)
'—
05 f

Social Dilemma(Bi-stable)

Social Efficiency Deficit; SED

0 0.2 04 0.6 0.8 1
Normalized traffic density

X 4 ; SED DB EKIEIE.

R U= X 91, EEEL LTS Y Lo~ 03 495 (SED>0) 28, REE TIZy —otEn%
bHFBIEE L7 (CHERS A 9 A, D ERIETS A 9 NBMRZR VY ; Case-) 7>, A JEIAHL [ 0> B )i 5l |2
% U DRI TR D 72 R & 72 5.

5 fEmmB LOHRE

H B E AL O H 2~ W K BT L TR AGBERY I AR U D A GEER Ll & [ BEL L & O GREIRI T Tk
FRCHPEBERTHEY LA LD 2 ENERFBRICLV RB I N, TlE, HEERSEW IS
W T DEWRIZRNDTEA S 32 K 5 1T Case-1 3 X O Case-I1 DM FIZH 1) 5 HEEERE R & A\ JEfiLE
W OPHE 22 2 T 2, BT, BAKTH D (EHbR@EBEICxT 2 EHE7 7 v 7 2A08%R). =
NEHDLE, WTHOERNEFKETS, HBEREEEHED 100% %2 5D RN TIX, 77 v 7 AXEEITH L
CTHFIEIME 2R L, EHEREOREBEEZ TRV EAWALNTHDH. ABELROE AN, Fr—UL
WD &R FEZBINCEZ HMOMEE 127263077, ZHEX 1 THR L@y, BERR7
7 A& —® Platoon FEITIZ XV, B —H W4 U D stop-and-go WDEREZMMZ D Z ENHKLNLTHS.
SFY, HEEIEO S RICIIREREARMERB S D72, L, K3, X4 TRES - RERE,
R DY 22D BB MEONER T C =—Y 2> b (AENEREE) OFEN D =—Y =k (A
) OZNE LVEKS o TLED 2L THD. ZE, HENEEEAZEA L~LOFIFDO RN
CERTWAHIRY I, ABERII N EEEHOEMICREAT S Z RN E2E®T 5. TiE, ¥
EOFREMIZEa DA I M2 ZARI LT n. K280 3bGMLbHEESIND L 21T, Wil
W ERSTHUE, C & DOFIFZEIFAE RS 725, VKL TRATWD K512, WIHEMIZ, Zoth
KUV YR, EREBLOTHS. b, AMBIHIEIC L > T, BEEROYIME LE (2K
3, 4 1B T HUIHAER) 2 2WE BRI T OHONE RO TH S, Z DO K YIERE %
2, BENEEREE O LR RS 0MER EE 726 L, o AEEEREE OF|fS H RO
ZHIZELRWVRIIZZRHDT, HEid~v—r vy MIERTBWTYH, HEEES AT AMIEARITRE L
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TS LRI LTVND.

5
Case-l
4 100% iCooperator
% 3 ////
=)
"2
1 / 50% Cooperator &
o 50% Defector
0 100% Defector —
0 0.2 0.4 0.6 0.8
Density
(b)
5
Case-ll
4 00% Coope
perator
; s /
E /
/ 50% Cooperator &
1 o 7 50% Defector
0 100% Defector ; :
0 0.2 0.4 0.6 0.8

Density

5§ ; Case-1 B XL O Case- 1l DIERILEE — IEH{LT T v 7 ZABAfR GEKRK]).

AR LY, ToT HHICHR— K ENF-HAIEE S AT LAZEHROET—F VP — g 448 JGEIEHE
HTHDOLNTWND) ~ERT 5 ETOMENRFARIN, SHICEORROTZO DN FEFEERT &

DHI kT

AWFFEDORIIRIE, WO & 72 5 @EdE K ECTOMISHITICEIRZBEBV TS, 5% OMERE L
LTI, BECHEN R E e — D NVICEHERER X A F X7 ANEL DT RZBIRENSG COMITNRH Y 2

HIEHD.
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