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* tc qdisc add dev ethQ root handle 1: htb default 10

* tc filter add dev eth0 protocol ip parent 1:0 prio 1 u32\
match ip src 192.168.1.1 match ip sport 12345 Oxffff \
match ip dst 192.168.2.1 match ip dport 80 Oxffff \
match ip protocol 17 0xff flowid 1:10

* tc qdisc add dev eth( parent 1:10 handle 10: netem \
delay 100ms

3.3 BREINBEFE

ARFETlIte a~r Rk o TRy NU— V7 BIEE 5
TAWETANARETH DD EMEE LT, BEETEORE
B A 1 IOoRT. =252 2 5O Windows PC &4
L, *y NT—VBIEEFGT 57200 LT 1 HD
Linux PC Zfi L7=. 26D PCA2FNFNPCALPCB L
LC, Apex Legends @ THf#3fdE] T~y F o 7L,
T A< U ARTHERE R L CGRIEBRI A B L7z, PC

X2 eSports fEFk TDRIEDERF

BT, PC ADNT 7 4 v 7IZFy NU—TIBIER 57
LUiEATAZEMm LT, £9, PCB Ti Linux PC |Z SSH $#
%L, tepdump ZHWVWTPC A THEHEINTWS IP 7 R
A, R—hrEEFEL L4 v barzZR&ELE. KRIZ, tc =
<V REMEAL TH— 35 PCA~D MT 7w 7 12+100
RUVBOXRy NU—VBEEEAMNE L. ¥£72, ping #fEH
LTy N — 7B B2 RAT 5 2 L BAIRETH 20
EMGEET 72012, HEGEHICPC A L PC BTT 740 b
— MY = A1Z%F LT PsPing[9] Z 7= ping TOXR > U
— 7 BBIE A JE LTz,

Arla], WrEERFD eSports Jiak [10] 2 L CTHGEEL 7=,
FEERORT- 2K 2 17, AN PC A, [N PC BDT
A AT LA THY, FRICTRE SN TV DRSS Linux PC
ThHD. BEOTFr—TNVRTy VAL vF, FEaDr—7
IWIRTE A=A o FNDORNBR TS, ZOBRKTPC B
MH LinuxPCEBL, PCAD NI 7 4w 7%y NT—7
BIEZ 575,

3.4 MIMERLER

AREN B LN FERICHONTIRRS., T PC A &
PC BORy U — 7 BIET GRID /T +—~< 2 AR HERE
DOEEZR 3 & 41279, KICPC ALPC BOFRy hY
— V7 BIEAT 5O NT p— < U ARTHEREOB R Z X 5 &
K627, K3 EX4D Tping] HADMEIL, 6L
16 SVBTH-7-. WIZX 5 &KX 6 @ lping) HHDHE
X, 5T IVMTHDIOIZK LT, X6 TiE16
Vi THotz. RIC, PCAEPCBDpingiCk BT 741
FA—=FT 2 ETOFy NT—7 BEREREEE 1 ITRT.
PC A & PC B THEHMZRFR b T — 7 BIERFRHIZE DY e
<, RRFRy N —7 IR S 100 S URLITCThH BT
W, +100 SV POFRy U — T BEMEERMT S Z LM
T&ERNoTZ. ZOREFE LY, PC A D Apex Legends @ h
TT74 v IIZxy NT— VB AT T D ET AN FRE
ThbHIZ DRI N, ping IE T ETADBRIP AT
BETHDI ENRENT.

ping HIETIX ICMP T > EREHEND. ED1=D,
IP 7 RLA, R—FFFE L4 7Ta halziEE L ToR
v NU— TR 52 RAT D Z IR ARETH B .

Fo, NI p—~v U ARTHEEEENT LI ETRY B
U — 7 BRI AR TS Z E N ARETH D, LasL, o8
T~ U ARTHERRIZ S — LA DY AT A TH LW,
FEEEOFRIFEIRHTHY, F—bH A ML T LIZFER
FERPHHINAE L RS, 2T, BERNEZERT L
FTHY, BETAEZRIMT HHREIXRV. LeRoT
WE DR v NU— 7 BIERIL A IR L, 51T 4
ERRAT DU AT ANMETH D,



FPS:185 10:3/30

loss0/0 choke 0/0

ping: 16ms 2835816:2IM248885713

X 3 PC ABEZESHER]
b e - o

FPS:185 10:3/18 lossO/0 choke D/0
ping: 16ms 2835816:21N246985713

X 4 PC BEZESHER]

FPS: 185 I0:3/30 lossO/0 choke D/0

ping: NNSms 2835816:21246885713

X 5 PCAEBEfE#

FPS.1B5 I0:4/18  loss0/0 choke 0/0 /%
2835816:21N246995713

ping: 16ms

X 6 PCBEESEH#

4. NEELZRE SR TLDIRE
4.1 BIER/NTY bk

WEERE R LY, ping MIETIZ IP 7 FL R, R— &=
LA harEEETDHZ LK DRy N U— T EBEA
BZ2BRATHIENEELWL. 22T, EBEO N T 7407
THEHINTWAIP T RLA, F—&EL 14 S0tz
NEFWZER AT v FTOR Y MU — 27 BIHERE %242
FTDH, ZhCEY, Fv bNU—7BIEMSOIEITA R
BT HZENFRETHD. Lol, BEEONT 747
LREEED IP 7 RL A, R— &L L4 7o barzH
L7ZHIER Sy MIEEDO T 7 4 v 7 LIRFRICILEL S
N5, FO8, FEDXE® Round-Trip Time (U\T,
RIT) Z2MET D701, IP ~v X DOF 7 a L E4y
Fm%J%&E#é.:nK;Dﬁfyaxﬁ 174w

27 EFEEL, MER 7y b ThDHGAICREDL
ﬁ%ﬁ#:kﬁﬂ%&ﬁé.it,ﬁﬁm*ybv~7%

SEDOMEZWREL $5 2 LT, Ky MU —7 IR 5O
HHEL&GDDL Z LRI TE L. 20k, BMEM T
IR FHRAR Yy U= BEE RS DT DDT — 4

jﬁ%ﬁlffé _zh £V, bb LTy TERIERRHA R E
BT BBITEITHZH D ZENARETHS.

4.2 XDPIZ&KBBIER/ N7y O

HEH AT > FEfH L TREDXE T RIT Z2HIET 2
Wi, A7 a ST aNR Y o EERL, HIEM
Nry NedEDIRTHERNDD. 2012, 74 LF ) v
7\Z eXpress Data Path (LA'F, XDP) Y'wu 2o A&fif4

5. XDP 1%, eBPF M L7237 v MEdEF AR TH Y

#1 Ping IEDOHER

PC A PCB
Sent 915 917
Received 915 917
Lost 0 (0%loss) 0 (0%loss)
Minimum 045U 041 I U
Maximum 3209 I VD 1581 I U
Average .05 U 093 IV

l @RTTZER B8
:— ORBERE
FEE~EL
V—ATEHLTL‘%
| f—m s
- ©

@Y —LTEALTNS 3\ /2
IP7RLR-R—hh5

@:’Hiﬁi/"r vk
. EEYERT

‘ HMER T INEER
((@516z50765L. ArABEENE )

<
X7 #EVRATADOWHN

TANEY T E B Ry VU =T B R/ NRIZINZ D
CENARETHD. F, XDP Fu s T ATHER A v
RDOF—BERICH A DAK T EATE L, XDP_TX HEHE % i
ALT, ZELEA VX —T =4 ANLHIERA 7y M
50T,
4.3 REVATLA

MER 7y FBLOXDP 7u /5 AE il LR
AT AOWNERK T IORT. PIHIZ, A= THEALTW
HR—MEEREL, FHENTWSIPT FLA, A— &
BLlA7a b ERET S, RIS, TS LE®RD B
ERARTy NEERRL, BT ~EET D, ISEHST
W&, WENRT Y hTHINEIDDT 4 VE Y T EITW,
HERAT Y FTHLIBEITZA DAZ T oG L, &%
DiET. BHENDHHIAFR Y T — 7 BIERS X RIT 27
FAT Y RPCIZTHEARL, 8T 5. H&kio, EfERIC
EAOWCTEHRFIGRMT D, UERV AT AREKOFHNT
D, ZOVATLAEIGHLT ) r—ya v LTS
ZETHEALTWAR— MNESEZENICAR L, IHETA
D DEREE « P E WS TR IR N ARETH D .

SHDFE

AT, BRTAHVATF ALV ETAERMT D2
LWARETH D I EERAET H. SHITIREV AT ANE
BRDT — bR T p—< L A5 2 DB LHET D, £/
tc A~y REHEATLERy NI —7BIERGLAMTE,
By ha AT —XEOME, 37y hOHE
P ANB L L VST IFETANARETH D, 207



b, Xy NT—VBIERG R LEBINAT, Thbohh
ADHBOMET S,

6. F&H

AWFFETIL, eSports IZRBITFTH T 7 4 v 7 HBEIZLD
IHEAT AT OWTIRAZ. EREEIC Linux D te 2~ 2 R&{f
JALT, BEDO T 74 w7l Fy FU—7 BRI 5T
LDUEATAERGE LT, IR, PC A D Apex
Legends D N7 7 4 w72y U —VBIEE(THT5HZ
LRI L, T 74N M — T A ~D ping llE T
EITAEDBRHMNRARECTHIZ L an Lz, £ LT, FEE
DT T 47 BFEIMERLT HMMER > h & XDP 7'
TITMEDF Y VU= BERES AT L ERE L.

2 =P EN

[1] JeSU (Japan eSports Union) : eSports &1%, AFSE
<https://jesu. or. jp/contents/about_esports/> (&
11§ 2024-7-26)

[2] FORTUNE BUSINESS INSIGHTs : eSports Market Size

Share, and Industry Analysis, By Streaming Typ
e (Live and On-demand), By Revenue Streaming (Me
dia Rights, Advertisement, Sponsorship, Ticket &

Merchandise, Game Publisher Fees, and Others),

By Gaming Genre (Real-Time Strategy Games, Fir
st Person Shooter Games, Fighting Games, Multip
layer Online Battle Arena Games, Mass Multiplay
er Online Role-Playing Games, and Others), and R
egional Forecast, 2024-2032, AF4c<https://www
fortunebusinessinsights. com/esports—market—1068
20#: " :text=The%20esports%20market%20size%20was
share%200£%2030. 34%25%201n%202022> (& 2024-7-2
6)

[3] JeSU (Japan eSports Union) TAAR e AR—YH
#2023) WRFEBAE EE R RETEN e AR —VE
DTG ENA Z 8T 2022 FEOEN e AR—Y T
ATEELL 127%00 125 8 2022 F£DQEN e AR—Y 7 7
Vb 776 FN R, AFS<https://jesu. or. jp/c
ontents/news/news—240131/> (ZHf 2024-7-26)

[4] WeLiveSecurity : Competing in esports: 3 things
to watch out for, AFHe<https://www. welivesecu
rity. com/2020/02/11/competing—esports—3-things—
watch—out—for/> (ZR 2024-7-26)

[6] TrendMicro : Cheats, Hacks, and Cyberattacks Thr
eats to the Esports Industry in 2019 and Beyond,
AFHe<https://www. trendmicro. com/vinfo/us/secu
rity/news/cybercrime—and-digital-threats/cheats
—hacks—and—cyberattacks—threats—to—the—esports—
industry-in—-2019-and-beyond> (Z# 2024-7-26) .

[6] Shengmei Liu, Mark Claypool, Atsuo Kuwahara, et

al.: “The Effects of Network Latency on compet
itive First—Person Shooter Game Players” , 2021

13 th International Conference on Quality of Mu
1timedia Experience (QoMEX), 2021

[7] Xiaokun Xu, Shengmei Liu, Mark Claypool.: “The E
ffects of Network Latency on Counter—strike : Gl
obal Offensive Players” , 2022 14th Internation
al Conference on Quality of Multimedia Experien
ce (QOMEX), 2022

(8]

[9]

[10]

WIKIPEDIA The Free Encyclopedia : tc(Linux), AF
He<https://en. wikipedia. org/wiki/Tc_ (Linux) > (&
J# 2024-7-26)

Microsoft Learn : PsPing - Sysinternals, ATF4c<
https://learn. microsoft. com/en-us/sysinternals/
downloads/psping> (ZHR 2024-7-26)

TR« eSports Arena | IEWEWIZEAT, AP
https://www. kindai. ac. jp/rd/research—center/cyb
er—iri/esports—arena/> (B 2024-7-26)



