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Abstract As video viewing on mobile terminals becomes more common, there is concern that the backhaul traffic
load on cellular networks (CN) will increase dramatically. To reduce the backhaul load, mobile edge computing,
which distributes video content from a cache at the base station, has been attracting attention, but another effec-
tive method to further reduce the load is to cache the content at the mobile terminal and distribute it via D2D
(device-to-device) communication. However, since the cache capacity of the MT is limited, it is effective to prefer-
entially cache content that is expected to be in high demand along the MT’s route of travel. Therefore, we proposed
content demand estimation using deep learning to D2D cache delivery. We proposed a method to select contents
to be cached on MTs by estimating contents that were likely to be demanded by other MTs on the travel route
using a long-short term memory (LSTM) neural network, which was one of the algorithms of deep learning. First,
we generated time-series data based on the number of keyword searches (number of viewings) for 10 well-known
movie titles to confirm the effectiveness of the demand estimation part of the proposed method and the generality
of the learning model. Next, a cache was created by making delivery requests based on the pre-movement demand
distribution using the predicted values, and the hit rate with the content in the cache was calculated when delivery
requests were made based on the post-movement demand distribution. Then, we compared the total number of
requests per content measured and predicted for California (CA) and New York (NY) in the U.S. with the cache
hit rate of LRU and the proposed method, and we confirmed that high-demand content can be predicted at the
destination where the MT moved. In this paper, to reflect a more realistic situation, we evaluate the cache hit rate
when the number of contents is increased and when missing data is considered, taking into account the popularity
bias of the contents used in the simulation. The effectiveness of the proposed method is confirmed.
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SR, ay Ty Tant Rk 3EREBOay YD
18fit, 5GC BRI 54 Z—3 v FOEH L, EF A R b
V=3IV Y-V RAPAE LTV, /2, £V &Z—%v M
BERATRE R TNA A DI, T4 2RO ERRELIc & D
BEIHA (MT: mobile terminal) THEjH % RIS 2 L&D —
WELTW3., 2RIVt y b Y — 2 [ERRDIRERIER L
% v b7 —2 (CN: cellular network) D Ny 7 FK—)LD b
774 v 7AMORAMBERIEEZIh TV, Zhs0BE
HIEIZa YTy YDA MY — I Y ITEDRBEDOHEKP, v
P —ZEROBEES I ERITERLD L. LS,
FEDRMOMWBRICIEAL IR N 2BE L T2720, %v b
T—2 57 4 v ZRBRN Y 7RIV DEEE Y ARELE % BT
FT3HMHARKRKDENE. Ny 2RIV DAFM KRBT 37
o, EHIRICERT s zFr vy v apbBiEiay 7>y G
TEBENA LTy Y ArEa—7F 4 >»% (MEC: mobile edge
computing) [1] %, CN OEMIFEN X FIc—ER-BATEAN
A VIRAB CEEEEEEX D2D (device-to-device) @BIEDH
FHEXHTW2 [2][3][5][6]. D2D #&El&, YouTube % DHHE
DIF7 749 7%FA 70— FT 58 LTELETHD, *v
Y —ZERROEEEEMNT 2 Z eI T WS,

EHIIANY VR NVOARMEBRINT 577K LT, [4] T,
I FR=—ZADT— XLy RICAEINIZRN—ZANNY R
=v I (BBU: baseband unit) &, ZHENIVNS 72 ICEE
ENZHOEARX DY E-TFIF Ay F (RRH: remote
radio head) SR NZ 7 7V MR T 72X 1y b7 —
2 (C-RAN: cloud radio access network) DERXNTW3S.
Gy Y —2HEE X H = X 512 C-RAN AT % 22 T,
FY R —2D LT 7 4y 7 BOHEE L THHIEZERL TH
%. 3] Tl&, RAE—ILELEY FT—2DEDIT, Frvda
fiE e D2D V¥ 7 DL R AGDLEF ¥ v > v D2D
HRBBRINTVWS., ZHITED, B —FREANAL VIR
LWZF vy aRBRL, A7 —2RICEAL RV T VY
FR—HF vy a2l 72y FORRICRS. ZDT2D,
FEED D2D 2 LT 5 2 TE, Ny ZR—ILOATS
ERIBICHIRS 2 2 e MEINATVS. s OBEFEIFED
fliicd MT TavysrorY%sF*Fyval, MT 238BEL5E
D MT N D2D EETHEST % D2D ¥ v v & 2 ELERT
Hb. LPLMT OFxr vy aBRBIIARTH 720, avT
VYDREAERERT S Y, MT OBEIRR L omnEEy
HAD BV F Y RBENCF vy v 2T 22 LEMTH
5. ZZTEELIE, FEEEO7LVIV X LD—DOTHIE
EIEEE (LSTM: long short-term memory) =2 — L%y
b —2Z BT, BEHRER Eofio MT 2R S 2 alhEtED
BwarFryyEH#HHIL, MTIZFyyvdaddarsyyk
BN 2 HREIRELE[7)[8).

[7][8] TI&, Google Trends DS 2 API ZHWT, #
HWE D X — 7 — FOBMREEE, S - X4 22829 b
(TS: time slot) BICHIG L, KRINT -2ty b RIERL .
ARF—&Ey +% LSTM IZHEA L¥E X8, MT OBBISET
EARRaYTFYYETHIL, BEAFROEEHREEISOER)
MWERER U BiA RGBT, Hikay T o LEBICE
BETLVEMETZ2 3Rz s, 25 - H52
VT N LT L 72278 5L % LRI RIS R & 72357 -
aAVFUVICHATEZZePEEF LY. 2 TRAEZHISED
B DRI DI RS 7 — & it L LSTM Z#HL, 3
HiEDF— R 2R WTHEELEZEEEF VO 2R L
7z. %7, California (CA) ¥ New York (NY) ®% 10 %A T
N ORI E AW ZTY, 7— X OHusMIc & 280
¥, LSTM O FHIMEEICE 2 2 B8R0 L. KT, MT 2
BERIcBEIROMSICBIT 23y 7T oYy OREFHEO KA X
RHDEBEMCF v v 2 1TBL, BIRIEIF v 2 2@E
EWZBVTEDOREDF vy oy NRBERTE 0%
FEMY I 2L - a IickDFIfiLz. 2L T, REAXE
AwzzZrT, BFOFx vy v 2B R THS LRU (Least

Recently Used) T v v ¥ 2 B#EZIT5HA L LT, BH)
ETOFvyyvyaby vV EREAETZ I EMERELE. £/,
K DIRFEMWRIREE R KLU 23l 2 TS 72, ¥Ial—a
YIZHWRary T Y DANRDRD % Zipf SIS £S5 a
VFUVBERREEY - VAT —REERL, KF—&ZE AN
FETERSS T 2L — a3 VEHliREM L 2. ERHECHWS
a v 7Y ECE 8,000 I X B -G 21TV, IBEARD
BIMEEHER LT,

Z ZTARRETIZ, [7][8] TIZE B L TWind - 7 DR
EEDPHEHENTNETFT—&Z 7 7 A LDRIEHEEZEEL, HL
MEFLTzaryFovEyIal—ya y2EMLUTMET 3.

LT 2 fiCIZEEZRIC oW TR, 3 #iTl3E5Eo Tl
FZERA W D2D F v v ¥ afEARICoOVTRRS, 4 Hi
TRIREH RO FEHEEH 7 O FHEFEREZ R L, 5 HTIHRER
HROF v v > 2D OFHliFEREZRT. 6 ik 7 Hi
TEYIalL—YayitHW3ary Ty YO R2EZ KD
kR 2 RS, BBRICSHITRkE2 LD 3.

2. EEMRE

INFETI, BEEYEHOWTRIEARERZaYT VY
PHANICF Yy a2 BAL, XAy NI —2 57T 4 v IR
RIS B0 A 505 2] [9). TR [2] &, F v v ¥ antib
D2D 3y P —=ZIZBVWTEBELTHFr v 2 IlERITNED
VT UVERERT S0, FwkarvTryViErarTyy
BLEICHERARY Ty vy a2 HAREBIREL TS, #EHK
B rEraryr Y RREST 258 HERLT, SAK2
v EFULEBT ST, IhEWFyvyaky b
REERT 3. ELW[2] TREINRTWEa YT Y YEIE
LIV A LEAVEGES, SN0 —F eHERT %
PEENCHETT 2 28T, Kax bTay Ty v VEED&RE
fLE2FEHLTWS.

XHR[9] T, Fa v T vV OERBOKERYFT—2% AN
YLZLSTMIZED, av 7y VoANREEZTFHT2 I
EEEPYTC, MROBERSOZa Y 7Y OBEREEHEE
LTW3., 7%, avyy Yy vy Z0kboHL vy
L — 257 —2T®% DeepCache [10] BHEE X RT3, LRU
R k-LRU 2 W o 72BEFD ¥ v > 2 EH#1 5 ¥ DeepCache &
EOHT2 22T, IBWVRER, mARERZ YT VY EREH
WFEv v Y2 lZHATE, Fryvraby MRPA\AETZZ L
MEIal—yaliZihpRINTWVWAE.

¥ 72, SEHETIE MEC & D2D @EORTOR A ZEH L,
CNODORNy ZR—NVDEMZERT 2 HEIRREI AT
2 [11][12]. CEk[11] T, 2—VEOHXWEEFEZE L TE
MENZEEEEZFHAL, 2—F»BRV Y —22HET3Z%
A[REIC T 272 MEC, * v +V—2 N D2D @fEiC0WTHRET
LTW5. X512, MEOHF LLWEERILFEICLS Y Ta—
FT, v bU—2 VY —ADOBRBEDTEL, ZET 24w b
7 — 7 OIRBEICFHWUSHISAHEE LTW3. BROA v b —
IRIRARERAVIZYI 2=y a ik b, BHFEAR [13][14]
Warr oy B DFEY A ABRKELRDE, Ny Zk—
LORERRIEMT 20icx L, #%£5RE MEC ¥ D2D
DORFT DRI & D FHEIRKE CHIEL TWD Z & 25RE X
nTWas.

XA [12] TiX, MEC OEAa X FIEHICEMITH 5 &
SRMS, MECIKRHEZBDE LTENLNLTANL AT T
F (MDC: mobile device cloud) ¥ D2D EBE&IEH L=~
FRAF 4 TEHEBICESAZYTTWS., 22 TMDC DEDHOD
¥y v ahTH3” Edge-Boost” ZIELTED, av 7
VOERRDIIA TV MO - NORRMET B 28T, 7
7 ABIERE & a v 7 v EEER RSB L Tnw B, EE Y
7 ZEIE (AAL: average access latency) ¥ vy v abky
R E MG T X R EZ(LIB T I 2l —>a v iEHE
Wi L7245 R, BEFEAN[15] bR L T, MuF vy aky b
RN 7 72 GBIEDER SN Z PR E SN TNV 5.

XHA[11]- [15] TIX, D2D #EZHWT ANy Zh—1D + Z
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T4 v ZBEFHIEL TWED, ZhS5OMKRZTary Ty
DOMROBEEHEL X v v > afilfflziTo Ty, *
UKL 7] T, 9] TRESN TV IEEEEEZHVWTa Y
TUVOREERMETS %, D2D ¥ % v ¥ 2 BEICICH
L, MT OBEL7-ETDary 7Y OFEOHEEMICHE D=
FroralRTaryrTryYEREBERTLIZIEEREELTVS

3. BHEOFABEXR WV D2D v v a
Bcfs

AREITIE[7) TEREL 2, BEEOTFHFTFEL AWV D2D
oy yafZEARICoVnTdRNS,. D2D ¥ v v afitfEZd
K1IRT &I, avyrFryyERGELEZMTZTaryrry
FXxedal, Frvad—Np LTEEXYE, fho MT I
MNLaryrryyREETHEINTH 5.

MT1 Content can be transmitted

between MT1 and MT3 without
going through CN

MT2 MT3

MT2 moved

T————

X1 D2D ¥v v alitfg

]ﬁD#%//J%Ek%H%%@ZLT MT D¥vyva

BIERERTHL2-DF vy aBBULOa YT Y RZE
Ltiﬁn 2, ME2Fy v a2 llRTHLEERTIDLEND .
D2D ¥ v v ¥ 2 ESOMEEED 5121, MT (sl HE&ipH
PCH Bt MT BERT ZA[REEOE VI Y Ty Y 2 X vy
AT IET, Frviaby rREGDIDNENRD B,
B ZIE 2 1R T £ 512, MT A3 X 2 oS Y iIc#s 2
rE BESOME Y TiEarT oy ADFEERESVWE FIAE
N3EE, BEROHE X T FoarsrY A% Fryvya
WKWERTZePEELW. Z22T[7 T, LSTM ZHWTHE)
EHOaryFyYOEREEFHEL, FOMRICH I ETF vy
allERTarv T UVEEIRT A ERELS. LSTM %
W FEHEERIC OV TIERET TR Z R 2. MT 1%, i
d, HEZE, HEHE, FEL Y TREIT 20, BEIFIZA~—
1\72‘/’“@7] FEREDFEF - a VERHT BI5E,
V=2 arIRTLAEET S I TREE O ROBE]
FeETUARETH 5.

Content A f é&ni B Content\E{gontent A

Content (y' ‘\Content D Content 1/
Ex B E+ B

2 BEEOTFUFEEELRAV Sy vy aay T oY OFER

4. LSTMZRWEHEI> TV YDEBESEHTE

ARETI, [7][8] KBWT, £§ LSTM 257 —Xt v hD%
BRI T 2 10 FE o 2RI O W TR, KA ROBEHETH
DOMEEBRNZ. iz, BERHIF—& 1y + OIERAEICD
WTHRN, AT ROFRAMEZ S 2.

4.1 FESORRIIT—2tv FOERK

AW O BRI DR RY T — & L LT, FH% 10 fHomt
HOXA M EF—V—F& L7, CAt NY OHITXIZHY
3 %% DMA (Designated Market Area) I2B1} 2, EERED
TS Z & OMREEBDOIFRY T — X%, Google Trends DIt
$% APL ZRWTHIS L7z, ZhoBHIBICHEIT 28 TS @
BEA PVORRERE, SRR AR UTERT 2. W&
e nBH2 S 100 HE, TS ORZ&2 87k L, Ha v 7

" ContentC

XL 18,000TS DRI T — X ZAER T 5. F724 TS
DORREBORAEEZ 100 & L, FAMETERL 2 EFRBERRE
BERRINT -2 LTHWS

LSTM O AN T =& ¢ Zidii 3 % =TS OIEFLRREL
L, HWh7—%y%Zaz+1HKHD TS OIEHBRREE L §
5. x=52 LT, &M, DMA, BUEX 4 bcxtL, KRR
Tty b (x,y) ZERT 5. H, A0 TS 25KD
FT—=RTF12FTO7 b T2 XIMERT 5. MRS
37— REEWEX A PLOREANS 99 HEE L, DD
1 HAZiHii7m—& 27225 k5127 — ﬂk/b%ﬁgbt

T—Rty FEFHETIED LSTM DAL =85 X R %
RDESRXEARELTHFEEIT-72. BRBOBE 15, Ny
FH¥ A4 X% 55, TRy Z XA L% 100, HHE(LBIEE linear BH
¥, EEEEE R (MSE: mean square error), i
{7131 X% RMSprop (root mean square propagation)
L7z ¥/, 7] TEFHET VO 2R L TR
TEZ 5N 27 (MAE: mean absolute error) %%
L7, MAE 3% TS 2B 2 EAME v; & FHIE §; DED
HHEDFA TR SN, 0 ISEWVIEE EREERTHIATET
W3 ZrERT.

N R X

MAE(y:,9:) = ; ly: — il (1)

4.2 M e M@

f’FEﬁLﬁﬁ;ﬁWT Ry ML T LSTM &AL,
EX NI THIE L EHIED I X D ﬁ%ﬁf@%gﬁﬁiﬁ
DEMMEEFES 5. £z, FEETAVORMANEZ CA BLU
NY DR F— X THEL B ETMINLT, CABIY
NY OWATER LT A b7 — X% 52 72K0 MAE 2% 4
3 2 2 v Mt S 5.

Lo, R L 72RY7— %€ v b % LSTM THE X8 2 5
12, IEER TRKERZ1E 2 72 FHE R 100 HE2#E L TF —
X DRIEH 10%% LB 2 W (K77, ??) 3R L. L
MoT, CA D5 Aladdin (6.3%), Captain Marvel (3.8%),
Avengers Endgame (4.0%), Joker (1.8%), NY 2*& Aladdin
(1.0%), Captain Marvel (0.9%), Avengers Endgame (0.4%),
Joker (0.7%) D& 4 XA bUVIZH L TEHEiS 5. RIEHDIC
DWVWTIE, FiROT—XDOFEEZIS Z & THiZEL 7.
3~ 61X NY 1281 2 FMETER L7 —& £y ML
T LSTM %#MH L7RD& TS TOFHIMEL EHEE v v
MNP ZT7THD. 77 7 OREMEIIER AR, #iiE
FfElzRLTW3. FMEOA TS O FHIMEE EHEDOREC
EHT 2L, MEEEOMENIHAZINI OO, HEHRKS
HTHZ BB XZOAKEAMIEDTEY, RET -2
0y of, FHHECTFREINEOWTWS. ¥, 7970
RiEWCEHT 2 &, EllE: PHETHA—RLTBD, XD
TSTt@&F%E#%ﬁ@%#%MT%& LR T 3.

L7235 T, REAFROFREHEIL D OISR TE 3.
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] |
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ime
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K 71& CABLXUNY OFMETHEEL -4E €7 LK
L, CABXLXUONY OFME®D 72 57— X %5 2 720D MAE
PEHL, 1 20¥FETMINLTEZSTAMT—2% 10
24 MABELE RO MAE OEGEEZRT. 79 7Dk
i1 10 B 7 A b 7 — X I2BIT 27 MAE, HfldZ4 cff
FALEMEZ A FAZERLTWS. M7 _FE O L Rz
NENCA TER LT A M7 =X L CHEAT 2%¥EET
L% NY ¥ CADF—RTHEAMEL 258D MAE TH
%. NY THESEL=EFNLE CA THELZETF L D#EEN
BADOBE (Aladdin) IZOWTIFEEZRARB L2 0.05 UT
WKz onTEY, RENR/NOME (Toy Story 4) 1IZDW
TIF L AYEES RSN, K7 FEHOER e B NY
DT AT =R L TCRBOUEE T GED 7T 7 Th
h, BRI NY THELZEFLE CA THSEL-EF
L DEEDRAKDOILE (Frozen 2) IZ2WTIEB L2 0.1 14
TIHZH5NTED, RENR/NOBE (Toy Story 4) 12D\
TIREFLAYEERR SRR, DUEDZ e »s, RizaHik
BIXUOMEX A MLIZBI 2T AT —X 22T ETNLVOMKE
BRI N Z 355, CA HB VI NY Ol X A M LD
SEWFEROFBEHEFICNY HEWECADEL LDFEEETF L
THEAFBEL 2 5. LA o TEEEF VORI TR
XN

18

[+}]

2 1"’%*}7— train(NY)-test(CA)
°16 —— train(CA)-test(CA)
a ' —— train(NY)-test(NY)
15 /NN —— train(CA)-test(NY)
= / e

014

s

4 -

ST PP =Ty T GRS SR G LS L W)
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Title used in train

7 FEEFLORAMNE

X8, 91X CA ¥ NY ZBWT, REF— XA LSTM OF
W52 282 R L7 7 Th 5. FHETERICIEN 7
Y AR MAE 28H L, LSTM IZHEA§ 2R517— &+ v
M, EWE XA PO 100 HE DT =2 oE L. +4
1257 — 23> T3 Joker(NY) OIFRHFT— X 2 HH LT
HEEFNERHEL, SWEX A MLORRYF—Xty b
52 FHEERZFHMEST 2. CA & NY (2B L T, Frozen2 %
Spider Man 13#87 — X R0 50%RE, H2VIEZH%E TE->
TEH MAE dEL RAMEACH S, 24U LT, Endgame
X Joker 37— XKL, 95%% LD MAE 3K < 72 2™
WZhad, INHDZ s, LSTMIZ & 2 EnTHIKEE %32
THRIEFBCT AR T—ERREL e EZONS.

= MAE = Total data rate (%)
93.7|96.2 [ 96.0 98.2

Mean absolute error

Aladdin Captain  End-  Fromn2 leker Jumarj Spider Star  Thelion Tay
Marvel  game Man  Wars  King  Story

Title used in evaluation
8 RIETFT—XH MAE 1252 2% (CA)
= MAE = Total data rate (%)

659,01 99.1]92.6 /\ 933 939
L BN RE W ; i

| 56 3I:

Maddin Captain  End-  Frozen2 Joker Juman|i Spider Star  Thalion Toy
Marvel  game Man Wars  King  Story

94.5

Mean absolute error

Title used in evaluation
9 RIETF—XH MAE K52 2% (NY)

5. BEIEOTRAREZRAW -Fvv > ahli

AREICUE, [7) TG L 7218 RO F v v & 2 IR 7 O
By, vyIal—YarEFeontlR, BESROERM
WOWTHHE L 7245 2 RS

5.1 REEARNOBE

BRERZ 112 L, 7 <t £ T ODEEORFS t 2B
%5 MT OGFHESGZE ¢ £ T2 &, TEMEM K HoES
(t(k), cory )k = 1,--- K BVG R BA, SRR (k) 1281 2l
Ct(k) TOarysFyyY miIZHT 3 FHEER Tt(k),c(k) b:ﬁb,
Ay ey m OFMEHFERER Ry = S0 ri e 283V
TYY mIH L THEET 3.

MT PMEED 7 2BWT, {TEDaY 7YY m 2Z{EFL1
K, ¥v v a2 llBHFETZarTYD Ry ODRAME Rypin &
Rm ZHBU Rpin < Rm DBE, Rmin EHT 22070V %
FrviaF7UbL, AVFTIY mEHECF Yy 2T 5.

5.2 YIal—>avEt

1 H24 R oA cHIERBUIET 2225, 4.1
HI TR FE LI 10 4 S AL DR SEHICREBTF— &2 D
Dl 4 x4 MPVORERYI T — X O TS %2, HODHA
(24 x 60/8 = 180TS) 72> 7 b XHZ 22T, avT YU
PRI REEZDL. T—XI7ANDOREFTTEL%
&, BFEH (TS17,820~18,000) Zi[E X &, 1 XA M s
100 fEHDa>yF Y R4ERTS. LizhoT, CANY D4
ZA MVORBEEED» S, ZRFH 400 oa>y 7Y EE
BT 5. REHE|TDa YT IiE 18,000TS DIFRATFT — &
PO IS,

5.3 MEEFHEER

MT 7% TS9,000 & b #iDREZNE CA IT#HFEL, TS9,000 LY
FRX NY WCHIEST 2 Z e 28ET 5. Alb TS9,000 £ Tl CA
TR L ZZERDHICHE S EMEEREZITID, Fyvia
AEIFET X, HilzicERkan/l-ar7rYD, NY D
TS9,000 DADHEEEREL, &L <&, TS9,000~18,000 DHA
DM T RIS, FrvPaNDarysFryoIinsnfd
DOE/MAL ZHIR L, #ilzicBEREhIzary T oY D»RE
RIGE, ¥y v aADOINSEIERNDaY Ty L E T
Z%. TS9,000 LI NY CTHEMGERZITV, Bkahizav
FUVBRF Yy Y aAlFELESAOL Yy M BT ML,
by FREPREHT S, ZOK, NY TIREBLEIZITDRV.
REFRCESCEESGERE, BEOX v v Y a2 @iy 3y
AL LRU 3 2 22T, EAFROEHMEZFHGT 5.
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