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Abstract: Multi-access edge computing can effectively guarantee the low-latency, high-reliability data transmission of
ocean monitoring sensor networks and various related maritime applications. In the offshore scenario, two offloading
models of multi-user single-hop unicast and multi-user multi-hop unicast were established in combination with the dis-
tribution of edge computing resources. The mixed integer nonlinear programming was used to separate optimization tar-
gets and effectively allocate transmission power. The unloading decisions were made by improving the traditional artifi-
cial fish swarms algorithm. The results show that the proposed optimization algorithm can reduce the network delay by
nearly 19% compared with the traditional scheme. In the far-sea scenario, a multi-user single-hop unicast offloading
model was established, and a reasonable channel allocation algorithm was proposed based on the network connection
probability. The results show that when the network connection time is sufficient, the number of allowable sub-channels
can be increased to reduce the network delay. When the network connection time is limited, the number of unloaded ma-
rine user equipment can be controlled to ensure the network transmission delay.
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N T A EIR SR o)
figp 1) ISR A A Y
T R OREARE AR

h T AN 5 WA T B O3 R T SR AT e )
Hsk, FFEEHTE OUE o ANnl Eigk e+
f£%% . HiE OUE fESEEALEH )G, A5G N T
RFRLI b, ASCIRR S T RN T
FESLVE (MO-AFSA, artificial fish swarm algorithm
based on mutation operation), A ff#3 /L FEAZ 40 (N
TAEE . BRI o RIEARIREEE) B
(s 0 T Bk R B 5t - MO-AFSA BARUGIEAL§E:
1) ¥ N T GIur e KA AR K 2) 78
B FET, AERE N LA HIAT . SRR
R, X3 AT AT AL E AR BEAT — 32 )2k
Il — M R AR e, PR AR i R it e 5 X
HEAAAGY . Priimd MSU B3 £ M
MO-AFSA D AR5 2 iR .

B2 iTifs MSU EI35 % T 1) MO-AFSA £
R

BN K,S, N\ T Afag s fishNum, i K22 RAIK

HtryNum

I EE N 1 8, e KIEARIREAMAX_GEN

Wt X,&ffFitness

fork=1:K
73 2 OUE kAN RTEI 3 AT 55
HUBrOUEA n] #1141 5555,
MHE=17) T Hpr,
end
[~,m] = sort(pr,"descend");
FOH%-OUE #1480
for k =m(1): m(K)
BEALRIUGAE fishNum 25 N AL,
AR Kt =0
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while it < MAX GEN do
it+=1
for j=1:fishNum do
Fj A N T AAT AT N Ja 24T
A S B U 53
S A N AT AT Ny kAT
%Ej‘%f%f’ﬁﬁﬂﬁ?ﬁ
Hjg N LAaHAT
A B A I i3
YA E3AMT R,
(VSEHES
N AR —

end

IBRAT MR AT
AR R =S D)
VA

end while
return A T A fFF £ (1) B A4
end
4.3 ifiE MMU H#HE E#EA
£ MMU #i8rf, OUE k MIAT 45 5 sk 7] 1
J.(D, .. . E; ), Vk,Task. KR . i

k,Task; k,Task; max k ,Task;

E} o SR OUEk i Task, i 7518 7 144

ka

2—2% OECN MW it 5 RERE, HARKIA U (6)
(7). H MSU Tﬁiﬂ?lﬂ BT T L2 FE,

MMU 038 X={%, ;,, vk Task, | (LfET I 7

155 5 A7 T8 2 1) 1R TR X e 08 40 T A A5 S 280 s R
MR — 4 715 58 s 8. & L& &E
P={5, ,Vk,Task;} P g =V RS AT
=2 RoRAES5EHIHE] 4 OECN.
vk, Task; , 47 Task; AHUALEE, W, =0 BEI,
INGET ;. FRERE o, RGN @ &R, 3

N

éﬁ OECN, -)N}I; Task

Task; % OECN &b#, Wy, . =1%, «
3 D.. a

{1’25.“’ng} ’ ~|j ﬁlfiﬁj‘iﬁ tkTask - Ii’;aSki - °
k:j'ask[

oep, fm . AR OUEk t Task, FTM 3102

OECN [l %

T —%2 OECN T #WEA L, S H—%
OECN Kb B (¥ 4145 75 e 4 S0 B S0 43 s 45 % 2
OECN HEPAN S A2 B % AT 4545 — 2 OECN
UEFRNF N g rg s Gt o> G +] < STk

W Task. 7E — 2% OECN (¥ HE A 55 1 I} 4 24

0, Task; = Task,
tW.. - =
k,Task; ~r
(O’tkT K +t/€,TaskL] 1} s " ) TaSk ;tTask
%ﬁm;ﬁhmm:ﬁomNﬁ@,m
)N}ijask =2 ka sk; {1 2, } , 2l OECN AbF i

ﬁ Z‘T/;,Task; EI\‘(S) ﬁo

RS SRR, A AR R R
SE, ZBRE OUE 5—2¢ OECN. F/1%5 1
{HIEYH R —— XN R, HARKETRRN

Zl(ykTask > ) ( Xf fa sk: ,n)+
15 2) 1 (5, 7) S 1LVE Task, (19)
Taskg,
Task;askl ! (y];’TaSk" ’1) ! (x]; Task; > n) *
I3y g, 2) (B ) S LVRA 0
A5 UL/ MEAEA OUE k (¥ 5 IRHECRT OUE &

P AL h R ) FE AL Ebr. 5T F
AW, Ak RS AT R IR A

&n}rp}) T, (XY, P), vk, Task,,ii
s.t. Cl: X fusk, €10,1,---,N_},Vk, Task;

C2: 31,y €112}V, Task;

C3: Zl(y”ask ’ ) ( P Task; ’ﬁ)+

1 (j}lg,'fask; ’ 2) [( le,fask; ? ﬁ) < 1’ Vk’ TaSkf
TaskS«k,

C4: Z 1(5/,;,1-&5;(; vl)l(xé,fask; ’ﬁ) +

Task; =Task,

. 1
C5: I(Xk Task; ’O)Ek,:fask,— +

I(ka e, ,ﬁ)E;’mf < NIE,Task; max,VIg,Task;,ﬁ
C6: 0< Pitosk i = ﬁlg‘mkf max,‘v’lg,"fask;,ﬁ
| | (1)
Task;
e, Ti.ltj()?,f,i’):maxf > (%t ) -

ol ~ 702
I(XkT k: 10 )I(ykTask ’l)tI;,Task;’I(ka k; )I(y/ Task: ’Z)t/;,Task‘:’
‘v’Task ALYk, L = 4 im htw, vk,

k,Task; k,Task; k,Task; k,Ta sk; 2
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PN, 12 =0f it

TaSk7 j\j k,Task; k,Task; k,Task;

I Yk, Task TR R E . tts. . RO~

k,Task;

mEkWTMgE$%Fﬁ%ﬁ§$E%%ﬁﬁﬂo

KRDAHR Cl. C2 N FATS H R ;
LI C3PRUE— DTS I 2 R RRIEFE— 4 TE1H:
R C4 fRIF— 4T EERZ H ks T — 71T
%y LYW CS PRUERRNTAT 45 L bR e FEAN I Il
KAekt; AW C6 PRUFREATAE 5 Mt i ) = A8
I HAUE D)%

4.4 HFORER DM

MMU A& D25 ieA Ak il 5 MSU - i) il —
B, SEACATEIEIR . FEAL DA oy Bo A BE il 1,
T AR H 5 eR S AR A T s Ay

mmwxnﬂ)

xyy

st CTaI(% 0, 0)EL 1, +

1 ('i.lg,'faskf ’ ﬁ)Elg,*Task; < k,Task; max ° TaSk'
C1,C2,C3,C4
(22)
Sof, B WA Gy, R

I Z T, WEEEAED OUE Sit6
PR 2= U B2 OECN 40 .38 . 4 {#ilF OUE
RIS, B I AE U A OUE A4 it TR,
254 2% FE R OUE AN AL BRIV 48 K% (135 A% 4 I 4iE
F e A 8 CRFTE—2% OECN S5 n) i )
SRsE, Pk EERELE) BEN— &
A AE R I OUE e —2% OECN iy (4%
2 imift OUE ARAee BUvH S gt Y5 Ay 7o J 11— 2 38
BECP AR D . PR TR IR N

prl~ =
Tasl Task
£ 3 pk ask; ngkn ~
3 S e 35 5Py
Task; =Task, 7i=1 Task; =Task, 7=l ~
- ,Vk
fl;
(23)

FIH MO-AFSA [R] B A0 A0 P A 0 28 4 5 1)
B, FE SRR RS E U R SR 1
oM R, £ 1 WAL MMKMEN

5 T xliaskgk

X}E jzi'askl 2 j"I'ztsk > 5 ~ N — H_’
=l N ko PR ) RS
I,/; y’I’ask1 ’ yTaSkz LA y'faskglz

[0 % €012, N} F, {12}, Wk, Task, «
5 MSU # A S5emg— 20, 35 N B R T KR
Fltnessl(X Y )= min
X1}

( Z I( kTask ’ k Task ’I(yk Task ’1)

Task; —Tdsk
T(CTRNNINT) /S (7S] (G
glm([('x Task 2 )Ek Task +I(x Task ’ﬁ)EZ Task kTask max * O)’
VTask;,ﬁ,Vlgj (24)

I MMU E1307 2T 1 MO-AFSA DA% 65 4
3 B

B3 W REAELRD

WA N LA (07 EAARX , A5 pm,

i AR FES

(UL TS 51 AF 55 ), G s Kbi, K

SEEREN

Wi BT SRERAE R N T AL E AL
bEXT

A NTAL) AL EARRRX . NS TCR X ETE
A4k 0,2" 1]
HIX, =round( X, (2" -1)/ N}
HaX BT RIS (i bi £
pop = dechin(X i bi);
for Task, = Task, :Tasksj
if (rand < pm)
mpoint = round(rand *bi);
if mpoint < 0;
mpo int= 1[;
end
newpop(Task,,:) = pop(Task,,:);
if newpop(Task,,mpoint) = 0
newpop(Task,,mpo int) = 1;
else newpop(Task,, mpo int) = 1;
newpop(Task,.,mpo int) = 0;
end
else newpop(Task,,:) = pop(Task,,:);
end

end
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TARAEREAT AT SR AALE RAT A R L
LRI T A R (AR RSN 4 Pios), A
Wik b R L B 5 AT~28 16 17D
Bi% 4 Ty MMU HIEJ7% T ) MO-AFSA
PR
WX K,S, N TAHRfishNuml, 5KV
tryNuml, 22 52 pm 1 5 LR 151, s kAR
REIMAX_
GEN1
it U E, Sl Fitness]
fork=1:K
A (23) 151 pr,
end
[~, m]=sort(prl,'descend ) H %NOUE
LS
for I€=n~1(1):n~1(15)
BEALAI 4R AL fishNum1 4% A\ LA 47 &,
AR HLt =0
while it < MAX GENI1 do
it+=1
for i =1:fishNuml do
B0 RN LAPAT BT NI

. * 4
o =r0und(bm2dec(newpop) N ] ;

(i s (R ILRPR
B0 RN LAPATREAT A 52t
AT SR AN EIR3
WA N LAaPATIBRAT N R
AT SR NSRS
DA E3AMT A, R EHE )
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end while
return N T b A RS A4
end
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=
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= Dk o 31)
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n=l1
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-
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5.2.1 ARt Fak E ool
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TR v

else
OUEL" HAEAHIALTE, ANl EifEiE
continue

end

end

end
6 XBWHESERSH

6.1 EH MSURESHRI

I MSU i L% & K=5, S=10, N=100,
B AT 50 ASTAT45 11 OECN (1) MAC 4528 &
EFIEE K, HAT 100 45758 A1 55 0L+
1rifE MSU 7 ZZHIE IR 2 s,

*x2 I8 MSU ARSHEE
B eI
V% a [15, 25] cycles/bit
SBS i g f, [20, 30] GHz
TAL K KREFE E, 027
FALZBENZ p, o [0.5, 11W
OUE #5fg )y fl [0.05,0.1] GHz
TAEEWR T B [1,2] MHz
R L 8/, [10,200] W™

W MO-AFSA #1 A\ T.fa % & fishNum =30, A
LA A BTG [ visual =50, K stepe[L,7], HH
PP 6 =2.62, B RZIRNREL tryNum =100, f&% K
BB MAX_GEN =100, & 511 p& $0h 48 57 K]
g1=100, 2 5 Z pm 43724 0.000 02.0.000 06
0.006. 0.000 02. 0.004. 4, FALSEdkE = D
(A7 KB) 43 % 4 [300,500] « [500,700] «
[700,900]. [900,1 100]. [1 100,1 300]. 31
MO-AFSA {EUTiF 37 P A Rk, ¥ziky
PR (PSO, particle swarm optimization) 5%
B0 AFSAML, Beb b Ko N Tt BEETYS (ISS-AFSA,
artificial fish swarm algorithm with improved step size)-
To A o g my BE T AR e R AR R ON L A R Bk
(NP-MO-AFSA, mutation-artificial fish swarm algo-
rithm with no priority) H{TPEREELEL

H S I8) P A, AR AR PR I B R By . A
TFARSAERE TR F LA, A b A B I 4 5 3 3 5
WHERIZE(E, FFLAREAS OUE by Sfy SR AT
TN R BB, W% OUE 1548 I (e R R
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AFKEZ OUE IIE Y B2 o R A28, 3 dr 3
HEAATT 4G I ZE 8RR A SRR

ANF L AR EHE = T %2 OUE ~F13id
IS 55 oR KBNS BN 18] 2 B o A 8 B0 70 2 1) 1
BT, % OUE V3418 Wi ok 251 bE 111 25 s &
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ST EI T ST SRR RN, AR
Ko HIEATE NIRRT . B 2 XTI T 2 F
5k, nTUURIL, AFSA FI PSO Skt T4 24041
P e, Bk R LR B ) 2 . ISS-AFSA
BAREBEN U K SGE T Bk R e Sy, =
BR— . MO-AFSA A KHLAL H 5l Nisifh
FE AR S A, B R AR i Re gk — 2P
L NI RS E S WCINA LA E I R |
HE— 48T OUE 1A% W i, %5l i &AL
56 2 bR B N SE U OUE iR Sk 36 7 T
HEVER M 518, MB NP-MO-AFSA, 255k
T e

Hi-T- OUE AHuHHREIA L, SHIE TIMIE
N 55 BRI BAE 25 S R ] ) (2 5 2 AR A S 3 I A
ZE5t). % OUE ZHERIEREN L&l 3 fis,
WM T4 K =4,5=10, D=[500,700]i,
MO-AFSA FIEARSIME ST A I B . T LU
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ﬂ
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B 2 ANFISEE AT B N 2 OUE ~F-Y403E I JE pR B L
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6.2 ifiE MMU fAESERAH

A E SR, WHE K=4, HA& OUEf &I
S TAEE M N3 100, A4 OUE [HIH5 24
TT45 1] OECN [f] MAC 458 K maak sk, H
100 & TE AT E kS . il MMU
FZHHMEWE 3 iR,

% MO-AFSA A\ T fi$ & fishNum1=30, A
LA R VS visuall =50, K steple[l, 9],
PHEE 51=0.382 , I K22 IKEL tryNum1=50,
B RIEA R MAX._GEN1=100, 75 51 p& 50 75 5

AF g1=100 , 22 55 ME4% pm1 435124 0.000 2.0.001
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