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Abstract Low earth orbit (LEO) satellite networks, which use a group of satellites orbiting at an altitude of
less than 2,000 km as relay nodes, have attracted attention from both industry and academia for their ability to
provide Internet services to areas of the world, including those without ground infrastructure. Because of their lower
altitude compared to geostationary orbiting satellites, low-power, low-latency, and high-capacity communications
are possible in low-orbit satellite networks. However, the low uplink throughput is a bottleneck when transmitting
large amounts of data from a ground station to a satellite, resulting in increased latency. Many studies are currently
investigating low earth orbit satellite caches as a solution to this problem. Low earth orbit satellites orbit the earth
at high speed and receive delivery requests from various regions of the world. Therefore, a caching strategy is needed
to use the limited cache capacity effectively, taking into account the global popularity of the content. In this paper,
we propose an optimal content placement method for LEO satellite caches that takes into account the popularity

of content.
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Armon 512 X BMFETIX, TurF ¥ —ERIE I HIH
DF v vy afREEY—E R (CSDS) 2% L, Y AT 4
DI e RIILEH DD 7L — LT — 7 BREBIHN T
% [4]. ZOMETE, BEEZFy vy a2 2o ERENLT
T L TcEFMEL, BHRZMERFy vy anp7o—F
Xy X MCHAT S, SEFEOMRTIE, FHE Lk K-
FFroraZ2Hol b 2HELTWVWA. Liu 5D T,
BEHEHE SR Yy N -2 B2 ary 7Ty YEEREE, it
20wy F Iy —sHHEERHNVTERLL, B#EtooD
Filelhxv vy 773 XLERELTVS [5). BExh
27TV RLZED, ayTFrY DT 7k ZIRERE R
HIB T 5.

T2 Wu 5O TIX, #EEHESXY VY —2 1AL,
MRy Ty YEEEITO AR LT, #HERxryvyoa
CEEX vy aRFO 28X vy Y2 T ARREELTY
3 [6]. MEEFNITBVT, HFEF v v ¥ 2 BB bRIEZ IER
FEFGEHERE e L CERLL, 3N BERRD 72108
BRI7 LY XL HEHEIL F vy Y 2 HIEEREL TV 5. 17
ZHAE Ty aZhdarFryERELL, FSev
2R T 5. Zhang HIC X BT, Bohidrvya
VY —RXTOary7yYEEOMBELZRA LTS, av
TV VRMLHF v v > 25N TH B CA-prop ZHREL TW
% [7]. CA-prop i, 2> 7Y OEROKMEEEREZ X
THIAL, FEOBEDaY Ty YDF v vy 2k RERET
3., BB, HEOBEM Y F—XEEAMEFHT I
X BHEAIF v v > 2 WK T CA-prop 2T 5. BRI
kb, FXEEEBEEHRL* v v aby NRPMAET 5.

2.2 FEMEE

Chaudhry 512 & 252 Tl&, SpaceX #:® Starlink 2385E
LTW2 L—H9HERMY > 2 (LISL) iZ2WTHH L TW5 [8].
ZOWMFRIC L B &, LISL IXKEBEIEEHKD & IEZERHIC
HEET 2720, EEH L ZEMORIC XA JiE LR B E
Y3, k7, SHBOBREIVATL—Y a Tk BRI
By b7 =27 TId 2020 SR HBP FTITRRITER
BtAT 2 FETH D, BHEMIZ LISL ZEELTWS. Z O
HTEIVYRTL—ya YADOHEOME L HEMY > 7 OfF
TR DO WT LISL 208 L TE D, FiZ220DX A4 7H
H3. 121FFA—HEND 2 >OHER THESL$ % LISL TH
D, 5 1212 20EZ2PENOHLEM THEL S 2 LISL
THh3. FA—HuENOBHETHENEFL L, LISL O &
RN ETH 2 720, KM RERIIRETH B, 2D
DHE 2 WHENOEER TN 3 % LISL T, BiHEd 26008
T LISL &3 » & 2 OMXHHE OFE WIS & D M7 258
L, —RIRER e 225505 5. KN LISL %/
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AT, EREHEF v v 212B8BWT, aryF Yy YDA
SERPEBL-RERa YTV VEBERREET 5. HEMNE
FEORRETH B L HEL, EREOHEF v v 2 IcHNa Y
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Ha 7oV %F vy a LTWAHEED, 2—FDENRE
ZUW - 72 HEOE L KFEET 256, av 7 vV EERICRE
HE2HEOBMN DY, FUFITHER R vy TEHHIR X
N3, 20D, A—aryFrVIFTEZLITHHML CEHEBE X
NTVRESIHEFLV. AREOEVWI YT Y YVIZDOWVWT,
AN ARD Y 7 oV HRPTER XN HEDIEL &
2rEZoNDH, HAMCEARKOaY TV VIITE 37
UZLDEEFX v v Y 2 lRFEINTVE I DEENS.
ABTREELD2 HEEB LR, 22005HDd & THE
FyyvranaryrryYEREEREETS. 1 DHOHHI,
A—ay 7Y 2ERXE T8 L CRLEHE LICEEL,
B2k y 7BOBEE BIET. 2 o HOA#Z, S AKDa YT
VYEZBHET LT, RaAVYATL—>a y2ETD
Fyrvyaby b REMALXES. N0 HHIS, oV
FUVRBHEFBE X v v Y2 FICEMBTREL, av7 v
VI DANKEL U THET 2EEZH%E T 2ES N E 7R
£33, £, FarFrYollBlEEZEEF vy aky
FREFEAET 2 X RELT 2. BRELTFEE LT, £Po
HELGREEZEM L GEMUMERRT 2 X b2 -V RT 197
TNANITVRALTHZ, BEATZLIY ZLEHNS.
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AHITIE, BETAHESRICOWTHAT 2. Sho@b,
Fars YR EPEHEF v v 2 FICERRBTREL, o
VYV REBREREFRET . K3 EEEBEHRDA X —
PHTHS. FVHEHZAar TV EFyy a2 LTWAE
BT, BOABOMHIED 23070V EF vy v a LTVARN
WETHE. T2, BOERIPEEZRL TS, ##ET3E
BHINTIE, Far 7oy m iR U TRES RO BRE <.,
&, MEEAMOEERR vy, ZERT 5. FBEH OB E
T BRET R, W 2, KL LM, 2> 7Y m HE
Bxhd. M3 TEz,=3Thh, BLE3AZIZ1Da
YFYY mAEBEINATWS. FRC, A OE®E R
PRI ym ZIRET 22, A—HUENOHE y,,, 2121
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—HLENOERE IS Il Day Ty mABREIRLTY
5. BREGEHE R Y VU — 2 IR+ R A N—FJRETH D,
HETHMEERO TR TOHLTHERZELNLZ DD T 3.
ZOBE, BRLI-ay Ty Y EFYy vy 2 LTVAHEICE
KAVE R, K3 ORVARRICHENZHED > BH WM
TRINZHEMNBINZHERE LTHEZIOLNS. koT, &
avyF Y m OEERNE zm & ym 2256583272V m O
ExvvyaBd1/(xm*ym) THONS.
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3.3 dAvFYVEEE

AT, fay 7 vy ORERRERELT 2 72D 0Fk
& LTEERN 7L Y XL (GA: Genetic Algorithms) % W
TW3. GA r1iZ, J. Holland 2MER L= & — 7 4 > DL
WKEILSREE 7LV XL THY, IFXERHTILL A
AEhTWVn3 [9][10]. GA BZEBOZE ZRIKICRELS 5 2
EHHRETH D, VY —RDEN D HTIHEHIND Z e NEL,
WHNZRFETHZ e h s, AFRTHRELT LY X0 L
LTHW3.

3.3.1 BEEM7LITYRXLDOHE

GA IRELE O LRI U TER L, BEEFORE
WEo THRREHEITTZT7VLITVXLTH S, Hil-in @M
FEDFERNOERIBZINEE T2 KIEMGERAT 2 Z &
THEREND. BRITEICERBIC K o THRD 5 #EIGEIZ
XoTiHiidh 2. EENHETICE, BN, KX, ZRERE
BLOBMBELET 2. GA TRBMHRAEMARLE LTERIA,
R RIS 2 72D I IXEREIOKEE N E Y §5.

BEMEHETO 1 OTH 5ERE, SEIRTIC X > TPERFE
KERFEELZITS CA CREEREETDH 5. BIREMEI
X o TRRICBINT 2EEEESINS. BfE, SEFIERE
RFEEDFEELTED, L—L v MEIR, F—F X2 MER,
SURLERLRED DB, BRFICBI 2RO 7ot 22 1E
FEICHIT 27201213, EWEGE 2RO [R5 2 R0 5
KRZZENLEFLWV. LaL, BEIGEOENERZEGE L
BETHABEZIC & - THEDR D 2 8ENER L Z 3 rTREMN:
BB 570, GA ICHERNEREHAAL Z 2 ITRAIRTH 5.
COERIZTICERCEH L b TRV, EMRELD
I BN 2 A[EEME D 3. 5o X atkzilAAD T,
BRZEME LD IEBERTE2 L5112k, RFEEEAD R
HINRD Y 2 7 D3 X L, KIRR 6 % RE 3 2 PTRENE DS
EE5.

BB D&, R AL R Y W BIRMNEHE T % F
M3 3. ZXIZ, BR2MEE»SORRILEEEATSZ2ICE
D, HEEEDEWEESE B DI ERZ T X X DA% L
T3, ERERZ, CARBIZMBOZHMEEZMERL, FiHo
WK Z AR 2 72D RAIRTH 5. ZORIEICE>T, GA
TP FRERPNCTIEIE LD o fROBEREITS Z e T
% 3. EIUREIX GA ORBEICE VT, #ICEIC X 2 i
D ICHEEN T REBERNICER T O EPERET
3. —Em BT IcE, SR TR B AR R S
JEEMEWER BE b2 1) — FEFKE, EFALKEAN
B BMKELLDH 2 [9].
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3.3.2

Algorithm 1 Placement Optimization GA

1: Generates initial gene set P(g) of N individuals

2: Calculates the degree of adaptation of each gene in P(g) and
determines the selection probability based on the degree of
adaptation

3: Selects two genes from P(g) using roulette selection consider-
ing the selection probability

4: Executes uniform mating process on the selected genes to gen-
erate N individuals

5: Generates mutations with a certain probability and changes
some of the genes

6: Repeats the above procedure for a certain number of genera-
tions, and returns the gene with the highest fitness in the last

generation
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2R ORI TITRT.

AR b5 BHETOaYy 7Y OREBERRIE, 2m =1,
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DEVaYTrINLIECEET 3.
YIal—vaYiFFEREFRL10 BTOEFTL, FEHLMHE
REFET 2. K 61X Zipf 7HORH LB L2 EDFY
Fyrvaby FRERT. ANETORE Xy aky
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X 712, Zipf 7HDRO BRI NI R XEZLIERL 0,

Ry TEERT. CGA X 3RELTIE, BRI L3R
HEE b, Ry TBBD TIPTS5, ik, GA I
XAEMBETIIENECEZEMEL D D AKTNDOaYy T Y%
Z BB T AHEAD D 21D TH 5. Zipf DD HEDF
1Y, BAKDa YT oIt 2 ERBOEEDHD, A
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Sy MU= IZBWTEMR, BHEHEX Yy 2DF v v
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 GA ZHOWTEELTA7A2) R4 2K L. 72 GA
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