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Architecture Strategy of D2D Content Edge Cache Based on Particle Swarm Optimization
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Abstract In the extreme case that the communication network infrastructure is paralyzed,how to ensure the interconnection and
efficient centralized control of the rescue terminal equipment network,and how to solve the problem of gathering and sharing all
kinds of information on the command site are the key problems. In order to continue the information transmission and reduce the
probability of interruption, this paper studies the edge cache-assisted device-to-device (D2D) communication overlay network.
Method, establish a D2D communication edge cache architecture,optimize the cache index,and construct a virtual logical mapping
channel of the D2D overlay network by detecting the cache architecture of the terminal nodes. A single particle based on adaptive
inertial weight binary particle swarm algorithm under emergency conditions Strategy of D2D content edge cache architecture for
soldier terminal equipment. Experimental results show that the algorithm’s edge cache preset strategy has a higher cache index
and is conducive to better information transmission.
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Rt PRI A 3 ¢ 5 B IR, B0 S 2 AT AR BE A8 L T D2D i k4

1
5| A7 TG LRI A5 I 46, DRI 28 s 22 ) TG 2 1 ) 15 38 L S 9HE B iR

il

R A W S B AR U AN M RR B, A% A B I 4% 3
Tl AT BB £ K A 0 DR W I, o 38 7 A R TRT R 10 AR 248 0 , 4 R
P T AR ORAR KBTS BT, W] 44 U G B2 0 42 2R 3
P [0 4% 1) LI CE S LA R g A v o S DR FE LA A% 2R
fE BRI 2 e R B, D2D 38 15 2 58 = A 7RI Xl
(3rd Generation Partnership Project, 3GPP) £ R12 & X 11y 3
T K138 ¥ (long Term Evolution, LTE) £ A & # #) — Fh ¥£
WERGEEG T, 2 LTE 256 2 6 78 345 3 il W 2% 3 it
RIAE O S R /N DX 0% U5 4% AT B AE MR E R, AR D2D
30 {5 5 K 2 e 07 2 R R T A A QT R 0 . L B it 0 0% 3 £

ASCEIMATFHRA TR COSID) L 3 348 107 — 4emd R BUkh 5215 B

PALALRE . B X D2D A5 B AR 09 BF 9% 32 4R b o o] R
FHR% ) 2 3 19 15 .38 H.68 0 o DA T 40 I S0 A2 i 110 R B 9T
FEAT B A8 T 4 P AN i L A

Asadi U FERS B 5T W 4% bl 2 D2D Sk 4R T
TP o PR AR A RE A AR . Asadi BT HE SR 2] 0 2k
Bl BT T BT M B Y R AE L ST JE 4R R 4k
R e 3 T 45 Y v 25 U A R b T R HE A B I B R T (R T
T h PR BESE T . Golrezaei 2502V 42 Hy — b i ) FiY e
T8 55 IO R P AR AT SO A SRR AR Y SR L TR W R 2
& B RAT O N 25 SO I R A D2D B 8 B 5k 3 A7 5

HEAETH . EEARBF S (61871349 s #WITLA H AR 54 (LQI9F010013, LY18F010024) 52019 4E4: A i BH i1 %135 H (A #225) (2019-4-

176)

This work was supported by the National Natural Science Foundation of China (61871349) , Natural Science Foundation of Zhejiang Pvovince,

China(LQ19F010013,1L.Y18F010024) and Science and Technology Program of Jinhua in 2019(Public Welfare) (2019-4-176).

A E# : 4 (2111803016@zjut. edu. cn)



346

Computer Science TTHEPE#  Vol. 47,No. 11A.Nov. 2020

R 23 o5 Bl N e 5 T 4% A G T P O3 L2 A B BE R 1Y
FAP AT LL#EAT D2D BRI, 2% A BER 22 A7 B AN 5 B 10 L
SCAE o A SRR v B T P e 408 T R 3l SR SC A L i 4y
Fe R A A SO R BB AT P IR T B R B H
o 2 TE AR AIE HH T AE 5 1 [R] B die R AR A P i k. SOk
(6175 i T 155 I 46 v G2 A7 /N B i RV 2% A7 ¢ i #8 45 B A A R
MIZEATE 25 18] DA e 4 H R N 2 80K [R) (930 #2 43 A (Poisson
Point Process, PPP) 38 1 i & SCA4 43 1 75 G2 A7 /1N k0l I 28 A7
2B (1 A LU A AT B e e 1 B A7 SR . bR B 50 R 2 7 ik
il Al B 0 TE N O R AT 00 L IR 2 BT A i A R T I
S . SCHRLC7 182 I T T AR A ) DA 9 D2D IR R e A,
ZB A7 RN SR P R DA 25280 ST 0% 56 TR IS e AR L LT A
i AR BT — A B AR RCRB R S AR L . SCiEk(8 R
TR KA I A S BT R R AR S NP R, O BB R
AR A B TR RS B & 5 LA 28 A7 2 i A AL 2 1k
A 388 2k T 48 s AT SCAF 09 0 AT G A7 i B 0k . (%07
12 R FH I AR B3 1 0 SR A O AS 18 58 42 I M G2 A7 4 B) D2D N4
A B AL Jr SR HLCA B 8 & D2D B B R AF IS OL

SR IR N il 2 A A AR B 1 OO0 /N e T AR L A SCAIF S
% R AF A B Y D2D SE {5 B o P2 H L GE N A TR 7
2, T D2D 315 0 % G A7 3 W L LG8 A7 98 B K AL ol i
A 77 2 3 A W) 26 B 3 A T 8 A AR A B D2D A 3 I R 4
BB T 4R TR AR T A IS A E
il 7 ¥ B 34 5 (Adaptive inertia weight Binary Particle Optical
Swarm, ABPSO) i 51 55 3% #¢ D2D N 25 371 4 9% 47 B A0 SR i

2 MBEGFER

AR SCHRE Y BT 2 R B T O T R R A R Y
D2D WEDGRAT R G BERLANIE 1 PR, TE % B AL,
P — SR 5 3 R A B Bl T A ) P 20 iy U 5 ) N O
PR X AR L 38 15 20T 43 O D2D Sl R Rl e 3 B AE L A 8
A5+ 0TI AT e R L S ot e A A2 L

335

@ oopiip NN\ #usgiat (yaangs

FE 1 D2DAGAT RAEHER
Fig.1 Framework of D2D edge caching system
% U DX P, BB 2 1R A 0 RS Bl DX S A A A
R R A ) FF R IA M i 2 (Homogeneous Poisson Point
Process, HPPP) , i 1% 7 35 ¥ 7% 5 X 3 P B = Ko i 46 0 N,
MEEGENTRR, HREAMAERN V, X B EFEW L
TC 2y 1 £ RS A ) W AR 25 o K/ — B, (iR M 4 T, BT
T GAT S B DI BAA ST & G471 55 IR KD s,
AR TR S KR 48 SCHRCO T mT %0, FH P 0 ST 38 5R PN 28 S 00 B R 43 A

WL Zipf A A8 2K 55 0T R I 45 R P L R SRR M R
WA S F, o Fy oo Fp bR BERR AT Zipf 913 3K 5377
AR HER R d S0 F o B SR AR
1
Forb o2 g I AR B0 SOP I SR A A S R S R B R
TEZ B0 5 ) P X S8 p L B S iR 4 2 18] 7T LA & AE D2D
AR A B BRPE S R, X B 3 % O A R H AR SER #OR
XTI A A G AR BHAT B A R (XL YD RN
Y, ARIEEE B AR A A IS Z MR FE B Ly R

Q= (1

L,=[(X,— X!+ (Y, —Y,)? ] (2
Ly 1] 3R e 2 5 46 2 75 AT i a1k
1, L;,<R
i (3)
0, L,>R

M T, =1 0, RN B AN & H 8 1735 KR D2D il
R RS T, =0 Bf, MEIANRN L L. TEMAKMET,
HT 0 41 B, 3 L LR S IR S H R A U SRR D2D
15 4 R 7 ol 0L

(DHAZFIER, B
IR B Sk

(2)D2D W AE TR . 2 s 2 150 2% A b 4K B EIE oK
B SC A 5 I 1) 2 55 AL R FE B R LA P ) G il o 4 B e 2K
Vi U A i AR B R B S0

SR AFHR BT IR A 1 SR SO AE LB P R 0T B A L
BT SCH TR R AF T8 W ) A 1 B A 48 B 28 A7 4R BB A
MG B A 8 HPPP B P R0 £ W IR X sk R N » A
HIRR A MR RR R

e R% A

23 B A% AT R AE A L AR IR B

F(n,R, )= (xR*A)"

€Y

nl

SIAT H B AERE BN D, PR A A H B AR TR Rn] &
TNH

H,\-Qlf:%:leF ;}X,,d

(©))
X={X.4:i€N,d€Dj}

Forb, X R 3 8 M A R AF AT B, Xy = 1 R IR A B
BAF T XM d, Xia =0 RARAEAF . 4 Xy =0 B, P IRBLH
{ RRETE F A 3R HURR SR B SO o U T BE IR IX BN T = 1
1Y BT i TR0 4 A 16 SO d TSR BRI G D2D il A 3 5K 1 22
FARBOAT RN N

D N
HDZI,:(I*SER)[E1 2QF(1—X, ,)(1—
d=1i=1
11 A—=X,.4)) (6)

1#i €N, T, =1

2B 5 N B R B B A TR RN -
Hay=H.+ Hpp

D N D N
=2QFXX,,+(1—SER) > XQ,F(1—X, )X
d=1 i=1 d=1i=1
(1— 1T A—=X,.0))

I#i €N, T, =1
D

s. t. ZS([X,_([<V9 V 16 N,dQD

d=1

Xia=1{0,1} D
3 MFHELNZEGFRE
R L B 4598, LGAT 15 BON e e Ak B AR AR SCR ATZE A



H R AR IR TR T R ) D2D N 4530 5 G A 2R B

347

WA AL 1 % G AT SR B O YA A AT AR B AL B T
T 1A 3 L5 A T (18 TR AL AR K i A R 1 4 G A )
B, W TEAF A BB D IR R E R
HARLF RSB K, K AR F 4B i 4 0 kT K
Hg=C(gisg2ssgusrsgr)» TEAYEEE T R FHE 0T LI H AL
) & R0 BT ﬂ%%‘%msf KX D 425 [0 Hh, 2 =
iz st sz ) AR B (Y HIALE s v = (v s v s = s o) Y
B RATIE L » oo = (par > pao » o i) RN LKL ke JIT 22 77 Y ¢
AL E AR G AR R T, DL H () 2 O Ak bR B TIOKE &
P49 24 7 d5 U 57 P =X (8D 1 7

(:[;\,1 )

pe (1) H(z, (t=1))=H(p, ()
G+ =
2, (t+1), H(x,t+1))=H(p, (1))
FT A Sokr 28 35 1) Fe B 6r B O A R AR AE p, (0 50 N IR
UL ORI 5 a5 (9) SR R -
“UM([“1’1):71_’7)/«1([)4’(?17‘1(P/«[([)fl'/u[([))“v’t‘grg
(pe () — 20 (D)) iy (21D
=240 () + vy (1) 9

Horboevseo JASTP - 2 M0 B ORE SORE H] (915 6L 73 =L BE L o)
A 49 BIORL S AR AR AB T 1) 09 £ BE S oo TR BHORL 5 O 4 )R AR
HCATH M BE, oy e L0, 1T 1R] A9 AH Ik 57 1% B ML oA %0,
v (O FRRL b 7E ¢ WER TS o AR HE, 20 (O FRR
TORL b 7 ¢ WA ISR d dERY AL, w WA E . 8
Hn) g, SR B #F il k7 BF (Binary Particle Optical
Swarm, BPSO) 8 i M i ok 700 B A BB A X
1, rand O<s(uy (t+1))
aw (t+H1)= (10)
{O, rand () >sCu, (t41))

1
S(U,‘/(t"_l)):W

Horit rand FE[0, 18] A0 B30 7 BE AL o6 2L, s (o, ) f& sigmoid
BREL . £ BPSO b 3B 09 S A b, AL w & BP-
SO 4 5 R R e 2 m N1, w B HE /N, W] BP-
SO #8881 R T4 SHLBE I7 . B B A=) B SR A0 5 52
HF w BK & Jj 05T R, 8 A5 % i RS PR AK. &H
A [ 0, AR SCAR T — Rl B A B

T Gter— ), +0. Lrand O an

o izer kA EEL, ¢ 0 AT % AR B w, WBHENE w
BRI E w, B w B, EZBT7 R A
GﬁiETi_ﬁWJﬂéﬁﬁEﬁE’ﬂéﬁﬂi?ﬁEj} J5 W R RS- he
P2 AR TE TR R AORE BE. & AR Y 8 & N A E
Lﬁ?ﬂ*ﬁ?ﬁﬂ@/ﬁx%ﬂ}%ﬂﬂT:

Stepl WItHIL P IZ B ¢ Bk F BB K, £ X KXD
Y23 8] T, B A A TORL Y SR B AL B A R e IR U

Step2 BRI R H AR AU H(2)

Step3 AR HHORL B b R EOTT A 8 3 20 (O BT AR AH

w() ="

Stepd £ THURL 9 A A MR (B 5 42 R AR 19 H A o8 B i
ﬁtl:ﬁ;ii%ﬁ%m&ﬁ

Stepd 3 21 A= (1D 558 B 38 N 15 A T, W] B
S IR AEORE F' AR

Step6 I W7 75 05 L Bk A 41k A 1 R 8 4 Y A6 B B
Fa KB &L W % 4 L AL i T 4R 56 iR
T —BE &, B NER [ Step2 4k£2% 1T,

4 HEGESHES R

AN TUEM] ABPSO 87575 M AR G2 860 R A 7T AT 1 A Ay
ROV, R B R AT T 40T TR, L5 i AL R A Core
(TM) i7-9750H @ 2. 60 GHz, N 4% 16 GB, 64 {ii Windows10
PR RS, LB B F 9 matlab2016b, 7E7H 35 ML RIE RS
IR B N AE Dy 1GB PR S 2 i i &, 3% I HPPP 43 15 78
D2D I P8 Bk 0. 001 Cuser/m® ) B9 % 5 X 1 P9, B AL 2 ~7
£0,15] (m/s) # 2l , B 55 2 0 14 38 15 15 8 2 40 m, iR LR
SER Jg 1X107", %% £ i i £ 2 I8 Zipf /34 % 18 A~ SCHF#E 4T
3R SO RN S 100 mb, Zipf 434 B9 E TR 3 = M 0. 8.
T B R AR PR A FE DR A P e Kk AR 500, 1)
KRN SE K 2 30, B AU B 4R (B w, BYH R 0. 95, Z4H
w, A 0. LR HET ¢ se K 0.5, T HEE AT E W J7 2Ok F
fili ABPSO B8k A Rk  BE S s R

(1) %540 5 Bl ML 22 17 3 &%) (Random Caching, RC), AN
[vi) A B 1L F) S AP 2 1Y AR [ ) ABE 3 0l g ST B WL AF i 7 30 5 G2 A
PO £6% 1) B o T, HL 20 ) e AR W ) G G AE 2 T

(2) Wi 47 & 2% 1% % W) ( Adaptive Cache Placement,
ADA)  ZI A SR SR B AE AR g S T, A
L7 i3 X O £ SC A SR I B 3 % R A I 25 P AR S G A
T SR AR (B e Y SC A

LG 748 i i 3 (Greedy Traversal, GT), X T

— AR A 7 Al 2 3 PR S 5 A G A T 4N B 1 T
$F RS G 500 B Bm T O 2 A N O TR E AR R
L 1% R U 5 O 8 2o — R B SRy 350 e £ 1) B0 BE R SR IR B

K2 @R T 4 FERGR R R T RER T KbE
Zipf 43 A SCHF A HEH = 0978 AL B0 . RO 2 B2 48 B/
IR BRI R 084 SC P B 77 SO 8 5 AR (I 1) SC AP B9 37 SR
HAHZE AR K ADA SRS 158 4 DL 56 25 A7 SCPF I SR B8 B2 A v 19
SCPF A BEAEAR B SCORAR D A A8 B0 SR R S S 3 i BE IR
KIRN L BENLEE S TR L ADA ZBHEF BN RREH
FERR I AR Y P R B = R L T SO SR R A 2 AR
KL ADA G748 B T REML S AF . #E 75 R SCHF 8t D
BN A)3E o ST Ak DA 31 S ABPSO A [ B9 R AR %, 7E
TSI TR EE R, LA KA (R 9 32 ARORBCT . 78 75 SR SR
N, 8 i 7 £ i 3 50 R AR A% ABPSO 75 51 #1945 50 F ot
A3 I s o [ R AT T LR SR B, ABPSO 15 5 1) 22 17 5K
BETE = B AL B2 TR AL T 55 Sh W AR Bk L U] T AR SR Y
ARtk

RYGA B H

0 025 050 075 100 125 150 175 200 225 250

XA 2
Kl 2 AREFAFEREE = T rEREXT b
Fig. 2 Performance comparison with different heat index =
Bl 3BT 4 FAIRB BN EAERE T REZAIEEME
D2D @ E ZAF IR R WAt . W T I%0 55 L S B 17
F G v BRI L B A S Bl IX A 3 A i R R B R



348

Com puter Science THEHELZ  Vol. 47,No. 11A,Nov. 2020

A B S YIRS G L A A o 5 P 15 52 O A 2 A o R B
WEE BRI R RSB, ZAIREE T R E /DN, 7
TP R BRESAE 40 2 A7 I BOAARAE . 0 LU AT A0, A SCBE VA Y
PERE L T AR MR %

20
18| — ABPSO
16 ADA Z-==S

; 4 —GT 77 N

ﬁ 12
10

ﬁ 08

W& 06
04
02

T a— 2 30 3 40 45 50
HBEEHR/m
K3 REZAEEER R MR
Fig.3 Performance comparison of different cache communication
distance R
ZWIE AR 2T D2D &I A 1F 1 % AF

KW o LU G2 AF 8 U KA AL 52X AR SCHR T A 1 8 B
PR A DR T BB (ABPSO) A B = 5 4 D2D N %4
NGBAFIM RN D FLSC 0 55 R AR SO AR B 22
FESR WS AH L 53 AP P RO L Bk oA AR M RE R . (R
S AR SCRL RO EAT A — o R KR 7E B 44 1 ) 4% 38 15 1%
Wb AETEEE R LRGBS R B E WKL 7R S R
FEN I E I IR X S I R 25 G T T 1 9 15 B 2 B S E 0

[1]

2]

[3]

[4]

[5]

(6]

2 % X M

ASADI A,MANCUSO V. Energy efficient opportunistic uplink
packet forwarding in hybrid wireless networks[ C]// Proceedings
of ACM International Conference on Future Energy Systems.
Berkeley,CA,USA,2013:261-262.

ASADI A, MANCUSO V. On the compound impact of oppor-
tunistic scheduling an D2D communications in cellula networks
[C] // Proceedings of ACM International Conference on Mode-
ling, Analysis & Simulation of Wireless and Mobile Systems.
Berkeley, CA,USA,2013:279-288.

ASADI A, MANCUSO V. WiFi Direct and LTE D2D in action
[C] // Proceedings of the 2013 IFIP Wireless Days (WD). Va-
lencia,2013:1-8.

GOLREZAEI N,MOLISCH A F,DIMAKIS A G. Base-station
assisted device-to-device communications for high-throughput
wireless video networks[ CJ // Proceedings of the 2012 IEEE In-
ternational Conference on Communications (ICC). Ottawa, ON,
2012:7077-7081.

GOLREZAEI N,DIMAKIS A G,MOLISCH A F. Device-to-de-
vice collaboration through distributed storage[ C] // Proceedings
of the 2012 TEEE Global Communications Conference (GLOBE-
COM). Anaheim,CA,2012:2397-2402.

RAO J,FENG H,YANG C C,et al. Optimal caching placement

for D2D assisted wireless caching networks[ C] // Proceedings of

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[1

]

the 2016 IEEE International Conference on Communications
(ICC). Kuala Lumpur,2016:1-6.

KANG H J.PARK K Y,CHO K M,et al. Mobile caching poli-
cies for device-to-device content delivery networking[ C] // Pro-
ceedings of the 2014 IEEE Conference on Computer Communi-
cations Workshops (INFOCOM WKSHPS). Toronto, 2014
299-304.

LAN R N. Edge caching technology in terminal to cell system
[D]. Hangzhou: Zhejiang University,2016.

BRESLAU L.PEI C,LI F,et al. Web caching and Zipf-like dis-
tributions: Evidence and implications [ C] // Proceedings of the
Eighteenth Annual Joint Conference of the IEEE Computer and
Communication Societies. New York,USA,1999.:126-134.
BACCELLI F,BLASZCZYSZYN B. Stochastic geometry and
wireless networks: Volume II applications[ J]. Foundations and
Trends in Networks,2010(4) :1-132.

WANG Y.QIU F Y,GUO H D. An adaptive inertial weighted
binary particle swarm optimization algorithm with mutation op-
erator [ J]. Journal of Computer Systems,2019,40(4) :733-737.
ZHAO J X,GAO Y L,CHEN Q L. A particle swarm optimiza-
tion algorithm for solving nonlinear programming problems [J].
Journal of ningxia university (natural science edition),2017,38
(1):15-18,22.

KONSTANTION S P,BALAJI P. Arandomized Web-cache
replacement scheme[ C]// Proceedings of the Twentieth Annual
Joint Conference of the IEEE Computer and Communications
Society. Anchorage, AK,USA,2001:1407-1415.

SONG X S,GENG Y T, MENG X B. Cache-enabled device to
device networks with contention-based multimedia delivery[ J].
IEEE Access,2019,5:3228-3239.

MALAK D, AL-SHALASH M. Device-to-Device content distri-
bution : optimal caching strategies and performance bounds[ C] //
Proceedings of the 2015 IEEE International Conference on Com-

munications Workshop. Piscataway,NJ,2015:664-66.

MENG Li-min,born in 1963, Ph.D. pro-
fessor,Ph.D supervisor,is a member of
China Computer Federation. Her main
research interests include wireless com-
munication and network, streaming media

transmission and IoT communications.

WANG Kun, born in 1995, postgra-
duate. His main research interests in-
clude D2D edge caching and real-time

streaming media communication.






