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SR T RAHE & ZIRe MR =T RN
BRAETDT 85 DR, HoAR AR L5 AT = I fig 1 4 b A [
%07 R IE T BAs, BIEISH TR, REE
S AFAEAES FE R

VD, Cy  Jy g
VID; Cy Jy L

Sv= 4

VID, Cy Jy ty
X, VID, £t 1E 5 RIS SV, Bn TIXj P Hn A
BAE T Cg FRIT RS, RHEA; Jg Ftg 73 HIFRIR
T RS, I REFE AR FIBAT I ] o
T B GAR R B, AT IR SR RS



920

S (Se, St Sp, Sy)o HULIFINF, SKHIZET 5G 42 IER ) di -
- WE, FIA B IX LT RE, A v A
SRR, A, wIR e Dk bE X AR 55 1 AR
VUREANEYE A SRR, el SiE S5 AR 3 55

6. thEESRRY ATC BEcE &

BHNH T ATC /R L E T FE. ATC [42]
PR, & —FhZ R 7%, A 5
RGBS RN TR E R BTN
ST RS, LI TERE IR R TT 5 o

METPV pf £ 42 B 48 — 19 48 5 97 18 H - 12- =
WFEJG, fE=Ml. DG MAE &M 5B Rg. R4E M
ETPV I h 3B H8 A5, A ORI ATC 75 iEX AL AR
BT AT T VA A — P L B, R B8 PR
ATCEE Z AR N 1~6, G312 S A B £l
X RV, ARSI LS (Sg, St Se, Sv) AN
S (Scioudt> Sedger Sueviae)r FFATIRIFERE T %

Ak, B ST bR Ae, A /MU BT FE AR AE
GIGRA . PATHT R FIREFE, X LeFR bR A AE
AT, H A A BEF LU 5 4 . AT N [A] R 7R 5 S FE
B CELFER VT SRR ST 7)) FH DG IR AR s 1T 22 25 e AR )
TR il 7T R A . BERETR & & 1247 BT ST 2
Mo Bk, X=00H AR REAAERE, wldd ek |
Pl . ATCITVEMFF S IR 1R,

6.1. WrAEAESE & H bR
PrFIHEZE ) H b 2 4R B B A S5 R T 4HETPV

Collaboration

HREMI I LR B TT 58 HEZRIK A H ARo2 SEBLINBUR 1)
SPATI ] RS REFE A Z A BR/ME, Hh ATC
TIEN B DGRBS, ERAT

min S(Sclouda Sedge» Sdevice) (5

) R TR FENESE R FbR,  RISEIL 23
# M EAE ) R M

AL

6.2. =~ ATC H.oif] H AR
RS A ST S5 A i Bh e, R e A T
XIS . =M B ir e = RSS2 F i R R AE, Hp

Ic
Scloud = Scloud‘i
Z; (6)

scloud‘i = min H WT . (TTI — t;r) +WC - (TC, — t,c)

7
s (1) |+ el 7
x=1
wmRi=1, B R E T I = ks a1, I
ATCJEAT RONILGMITT /2. 3. 4, M= MJ5 %4
RN

TT; = Ty + max{TT,,TT;,TT,} (8)
TC; =C; +TC + TG + TCy D)
T =L +T + T + T, (10)

Optimization targets:
integrated scheme S — TT, TC, TJ

framework
Cloud side S(S..5,.5,.S,) Cloud server 1 s
S1 ’ cloud
Information S(Scloud’ edge’ sdewoe)
storage T function
Updating Edge side Edge server2 || Edge server 3 Edge server 4 . s
Sz S3 84 edge
E function P function /\
Device Sensor 5 Vehicle 6 s
side SS SS device

E8. J T ATC VAP IC B iR . TT: SMPATEIA); TC: 2238 piA: TJ: SREFERLAS.
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Variable Definition
i ATC element i (namely, scheme i)
1 finite set of ATC elements (/ =1, + I, + I, where I, I, and /; correspond to the set of local schemes at the cloud, edge, and device
sides, respectively)
S(-) Integrated scheme composed of optimal local schemes, i.e., S (Sciougs Sedges Saevide)
TT total execution time
TC total installation cost
TJ total energy consumption cost
ts execution time for integrated scheme S
Cs installation cost for integrated scheme S
Js energy consumption cost for integrated scheme S
T; execution time for element
C, installation cost for element i
J; energy consumption for element 7
' execution time target from parents of element
t° installation cost target from parents of element i
t energy consumption target from parents of element i
& deviation thresholds for index x of element i4
w’ weighting coefficient for execution time
w¢ weighting coefficient for installation cost
4 weighting coefficient for energy consumption
B, Boolean variable of element i: B,= 1 when element i is selected; otherwise, B, =0

Ic
T, =Y BT;
a (1D
I
G =Y _BG (12)
i=1
I
> Bi=1 (14)

iele

subject to || max{TT,, TT;, TT,} — max{t}, t],t}} ||§ <el
(15

| (TC = 6§) I, < &1 (TC; — &) [, < &3, 1| (TCs — )

<&

I
2 (16)

(T =), < el (T = &) I < ol (=) I,
< ¢

TTZaTr3aTT47TC27TC37TC4ﬂT.]27T.]37TJ4 20 (18)

@~ (10) KB =T bR, HAEPATI RS
R H B I ) A T A B KA AT 5, T
22 AR AT REFE SR B 18 1 L 5 B It 1) 5 P A AU 1) 2
AEAT IS 30 D~ (13) B RRAG Ak T7 REHRIAME,
M4 RUE—E miRSa ERREE TR, A5
~ (A7) FoR B HARS SRR N 2 [ 22, 7T HIRIE AL
HIRC B BAESR A 30 A8) FoRITA TRARE N A TEORT 0.

6.3. M1 ZM| ATC H.ITi) Hbr
FRPETH S AT BT, AR 55 A N A L X3
PIZERARI B8 AT . IEAh, FEEIRBATHE, BHIE T
BRI R fE—XIRN, b 45,
DLEE G AU B R fE . X PP R B R E sl (19) ~
G iR, HHEBRRECN:
le
Sedge = Zsedge‘i (19)
i—1
Sedgei = min || w' - (TT; —t]) + wC - (TC; — tf)
6
+w. (T]i—t]i) ||z +) el(icl,) (20

x=1
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mRi=3, B EES Lk as3, W

TT3 = T3 + TTs + TTg Q1D
TC; = C3 +TGCs + TGCq 22>
T = J5 +Tls + Tlg (23)
le

T; =) BT, (24)
i=1
le

- $nc -
le

J3=>_Bi; (26)
i=1

Bi=1
2 27

iele

subject to || (TTs — t7) ||§ <&, (TTs — t§) H; <& Q29
I (TCs — ) |; < &b, || (TC6—¢§) [ <& (29
(T~ ) I <30 (Ts—8) 1L <& o
TTs, TTs, TCs, TCs, Ts, TJ > O 3D

Hrr, X QD~ GD W& 55627 ik AL

6.4. W ATC 570 Hbx

B EFEEOBUMRSU L (138 17 248 S A k4% ,

Hr— & &K EFRD TR (32) Fin. T iE&EEE
ZT—6, B ihfE (33) fias:

Iq
Sdevice = Z Sdevice,i (32)

i=1

Sdevicei =min || WT . (TTI - t;r) +WC ' (TCI - txc)

(33)

+mﬂ~(nf-ﬂ)H2061@

CLEI8 o Mo, ARSCAS 2
TTe = T5, TCs = Cs, Tlg = Js (34>

subject to || (TCs — t§) ||; <ée (35)

NfE B FEAAE 2, AU B — M
AT BRI Kt e o e 2 R LA 2% > AN T2
AeSLIE HahEAT R e

7. 2F 56 FEM I EX AR RIS HEA

AFTIGAE T Fr 8 b FIAE SR (W AT AT M. A SCiE A
T — AT 5GEBEM Tk el X o i 1, H 246
FEHRM 240, OBURMIRSU b (4L R as . &R 55 2%,
= R S5 dR Nl . B 7 DT AR A5G NREEAN . N E
FETSGAHERM Tl el X et 77 58, BEREHizi.Z
L 1%

WE9FT 7R, SGM 24k T Tl Id X B 3 5,
HAaHEV2X#(E. SGEBM AT A T @i,
B SIS BhA AR A K HARIR S . TSN
El10s s, FEEE S R AT ER .

7.1, N SR i B

A NN QI T -10- = A B AETPVIHAEN
Tl FE X i s s SRR E, nE 1057,

1 s : o0 €45 2248 DL & OBU MR SU - 1% 5k
Bo RIS BN BT, B SRS B AT = ik
S5 BTN GRS 4% . 10 R, 1% Tl X N 3LiEA
ONTFIXH, JEFR .

(2 =f: TE=, = HR5s a8 AR I 25 S 3R
o TERMEAT R &G, M8 H bR 45
) 3 A 52 AE 1 DX P ) B AR A T BB

(3) DLM: T IRFMATIT, HLZMRSFN
FLIX N G ZE R B4, W10 BT R X S IR
PRI IT . (EF—F XN, BAHAERiE, A
WG FE BRI . 7R T X2 A6 a5t b, RSy
TR AL AR N B I B AS,  BETT RS AR

7.2. ATC 5 AIO J5 A€ R 5 i I LU o i

ATCU7 AT TR 7 AL AL E . N igiE
ATC R F B aI AT P, AR SCH H 5 AT0 5 ¥R #EAT B
ATOSEW T T 775, JEREBAN Iy — 18
7 [43,44] fEASC ST, AIOJTERWIZ Tk
FT R PBOZAE = IR 55 s b5, T ATC U7k Ay 2k
TR L PIRHAT

FRAE P BN 5 B M i e e, AT AR 31 1 X S
MG P, WR2PT7R. RIPL W T8 DATCHITH



923

5G NR

Device—edge—
cloud
collaboration

V2N

V2Vv

Edge computing

= RS

v
ey
@

o

D~ w

>
. Servi

E o3
A

|
|
|
|
V2P V2|

~

~—

~_ | BS
\\\‘
. , >
\ Destiﬁa%inb’ ’ L
T Vetice 7

L,\\\

Vehicle 6 1

. S~
L ~
.%Qr
T~

B9, Tk X e st s 1A .

EAME. ENYSRHAAR, NS ERIEIRAG
IR AT 5 43 3, AT ] 2238 sloAS A REFE
(K7 Bl 43 1) 9 0~80 . 0~700110~500.

Xof S8 LAUINBLEE bR oA H bs. 4 AR R (LT, ¢, &),
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AR B4 W15 B (0.50, 0.25, 0.25). (0.25, 0.50, 0.25) F
(0.25,0.25,0.50). Fifi J5 44 A8 & B (E A8 S HIRE
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Bo JBIR AR REEVE (A AB LB 15 H 4
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Fiar, AIOJTik# Gtk gmbd K e tofl, GFEM BT
M5 R TS 0 LA BRI R T B . RIS K
7 RWAES Ja W 58 b S B sEBrig s . SR )E, K
BARIAE X A FAE R R SR 7 41 7 vkis 5. (5
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ANIEL, SGEEBRMRGE R AL A5 B 07 T R 0B E -
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JoREE N, RIZAE B, 152077 R .

B2 78, MRG58 B Ta) (9] ff B H R, T
ATCFIATO J7 ik AT 45 43 Bl 75 SR B AH R A=, 1
PREE RN AN BR AT RN T RIAAAEZE S o R3HEE AT
&5 RFKT], ATCINENIE R AE 5 ATO J7 1545 315 B
EAHLE, ARBIH, XK EE TGS T g 6]y
B R Mo, A gt R RCE RECE B N0.5,
0.25%10.25, X EMAE LI REEKBEPERE — 85
by AP ASFE R 0 IS E 33 25% F125%

FAIE R WL IX P P 7 1A = AP R 0T 1 &6 R
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ERITR . Mk, BEERBERNEIC, ATCHAIOT L
V] P s 22 A, 25 Dk /S o

FAEF| T ATCHIALO J7 7% # °F ¥4 38 47 B | Fn
SRR ZE R . PAT T Z B L, 7E— G I81T Win-
dows7 (6447 HITFEAHL EHEAT TR, i SR
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IEA R AT C U5 532047 e B AT VP Al B LR A A

Sub-area Pathbscheme Succ]:ssor Successors @ATC Eipo) WJ‘ [] ﬁ%ﬁ?‘fETPV IjJ zﬁ% £ ;%Ek ’ iﬂl}% ?7\
number number
: ; ; Y Bl T ALO T LL AT 77 AR AL H b, BRI, 6% &
1 25 £33y £A5
A, 2 2 Ag A, FINEZ A RE), ATO@EE B A%, Frbh, ATC
As 2 1 Ay T3 R S JSE I 1) B ATO 5V R . @FE A SCHR HY HOHE L
A ? ‘ As s ATC Oy i, AT 3 HoA RO e B PP 24 F-5G
A 2 3 Az, Ag, A Vv el s sy - N
N 1 1 N IS RIS -0 - 5 R T R . REPALO 1%
6 7

A , 1 A AT ISP FAR R (I8 5, (H 3L BRI T MR sl T 0 5
A 2 1 A, SER, MELUE R SERR I SR AT A AR . — ELHH L
As ! 0 - TR, ATOTJ L E Bl 5, L ATO 1) &
R3 A KT REIIE D
Element Service information Configuration index
number Set Functions Option Time Cost Energy
Sy — — — 0 0 0
A, CLS T Sto 35 200 120

ELS, DLS E, P S, 40 520 215

ELS, DLS E,P Shy 46 470 275

ELS, DLS E, P S, 34 580 280
A, CLS T Sy, 40 220 135

ELS, DLS E.P Sy 45 460 260

ELS, DLS E, P S, 50 450 250
A, CLS T S5 28 190 128

ELS, DLS E, P Sy 35 430 230

ELS, DLS E, P Sy 40 400 280
A, CLS T S5, 58 290 188

ELS, DLS E, P Sy 65 680 410

ELS, DLS E, P S, 60 620 402
As CLS T 83,84 59 288 198

ELS, DLS E,P S, 70 700 390

ELS, DLS E, P S, 77 650 405
Ag CLS T S, 23 160 118

ELS, DLS E, P S8 67 280 220
A, CLS T 82,85, 85, 25 200 128

ELS, DLS E, P S7 30 255 155

ELS, DLS E, P S7, 38 300 138
Ag CLS T S5, 87, 22 170 130

ELS, DLS E, P S¥ 35 310 120

ELS, DLS E, P 30 300 118

8
SP 2
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(5%
Element Service information Configuration index
number Set Functions Option Time Cost Energy
Ay CLS T R 25 208 100
ELS, DLS E,P 58 30 290 150
Sy — — — 0 0 0

CLS: cloud-side set; ELS: edge-side set; DLS: device-side set; SA: the scheme from the departure point A to the next area; SB: the scheme from the last

area to the destination point B.

{EID,TID,PID}, | {EID,TID,PID}, {EID, TID,PID},

AlO mechanism

EID, | EID, EID,
TD, | TID,| - |TID,
PID, | PID,| - |PID,

ATC mechanism

E]11. AIO fIATC /5 FI4hG .

AWMATCH . 251, ATCH LN IE A AR C5GERLM
I FIAEZE .

8. 4518
FEASCH, D9 i Db pel XPDIAT 55 I R0, A3

P T —ARES, K SG AR A 5 PRI R
. 4RSS RS, BRARRLRIAN iz Th e (ETPV)
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Fitness value (objective)

Mean runtime (s) Mean deviation rate

Pattern w’, wé w) Deviation Deviation Deviation
ATC AlIO ATC AlIO ATC AlIO

from AIO from AIO from AIO
Time-saving Higher level (0.6,0.2,0.2) 2148.6 1818.2 18.17 1.613 1.871 -13.79%  92.8% 99.6% —6.83%
Mid-level (0.50,0.25,0.25)  2417.6 2272.8 8.75% 1.631 1.903 —-14.29%  94.2% 99.3% —5.14%
Lower level (0.4,0.3,0.3) 2686.7 2727.3 -1.49% 1.620 1.888 -14.19%  93.3% 99.5% -6.23%
Cost-saving Higher level (0.2,0.6,0.2) 3607.8 4072.6 -11.41% 1.631 1.860 -12.31%  92.3% 99.6% -7.32%
Mid-level (0.25,0.50,0.25)  3336.5 3685.5 —9.47% 1.602 1.882 —14.88%  95.4% 98.7% —3.34%
Lower level (0.3,0.4,0.3) 3055.2 32954 =7.29% 1.641 1.911 -14.13%  95.0% 98.6% -3.65%
Energy-saving  Higher level (0.2,0.2,0.6,) 2823.2 3173.0 —11.02%  1.623 1.904 —-14.76%  91.4% 97.8% —6.54%
Mid-level (0.25,0.25,0.50) 2841.4 3120.3 —8.94% 1.639 1.911 —14.23%  95.1% 99.5% —4.42%
Lower level (0.3,0.3,0.4) 2856.2 3066.3 —6.85% 1.623 1.892 —-14.21% 93.3% 99.6% —6.32%

The bold format is to show the best scheme of this row.
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