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ÅϠ LTE▐

Å∂ ї (EPC) ֮ү(eNB)

ÅϠ UE USRP EPCȲ EPC Ҍ

ÅϠ WebServerᾼӣ
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в

ÅṿӣLinuxӂү▐ OAI-EPC

ÅṿӣLinuxӂү▐ OAI-eNB

ÅṿӣUEѿUSRP ᴟEPCȲ ᴩ Ҍ

ÅṿӣWindows10ӂү▐ WebServer

ÅṿӣWindows10ׄ UEᾼ ѱ
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USRP B210

UE eNB EPC

router switch

Internet

LAN IP : 192.168.1.203

WAN IP : 163.18.104.132
LAN IP : 192.168.1.202

switch



Ṇ ▐

EPC

ÅMobility Management Entity(MME)

ÅServing Gateway(SGW)

ÅPDN Gateway(PGW)

ÅHome Subscriber Server(HSS)

E-UTRAN Node B (eNB)
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eNB S1-C

S1-U

S11

S6A

SGi Internet

UE MME HSS

SGW PGW

eNB EPC



- (1/2)

֤ ӭᾼ

EPC

CPU: i7-8559U RAM: 32 GB

SSD: 1 TB
1ү EPC ї

Ethernet Network PCIE Card 1 WAN (for Internet)

RJ45ҵ қ (USB) 1 LAN (for eNB)

eNB

CPU: i7-8559URAM: 32 GB

SSD: 1 TB
1ү eNodeB ֮ү

Ethernet Network PCIE Card 

(embedded)
1 EPCᾼLAN

USRP B210 1ѱ
ן eNB⅔Ҕ
LTE ן

VERT2450 Antenna 2ќ
ן LTE Band 7 (2600 MHz)

USB 3.0cable 1 eNB USRPB210
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- (2/2)
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֤ ӭᾼ

UE

CPU: i5-6200U RAM: 4 GB

HDD: 500 GB
1ү eNB

4G Dongle 1 ẁ ṿӣᴩ

LTE SIMқ 1 ẁUEṿӣȲ ҌEPC

Switch 4-port switch (legacy) 1ү LANФד

RJ45
RJ45 ᾼCAT 5e 5

Edge*2 ȳeNB*1

Cloud*1 ȳWeb Server*1
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EPC

OSȸUbuntu 16.04LTS

openair-cn
Ӂѡ :2017/3/31

https://gitlab.eurecom.fr/oai/openair-cn.git

xtables-addons-oai

Ӂѡ :2015/9/30

https://gitlab.eurecom.fr/oai/xtables-

addons-oai.git

eNB

OSȸUbuntu 16.04 LTS

openairinterface5g

Ӂѡ :2015/8/8

https://gitlab.eurecom.fr/oai/openairinterfac

e5g/tree/17b9a9e917ce2a3a8c7004c7b9a22

1c350ddfe17
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EPCׄ ( ҵ -1)

ҵ Ȳ ᴟInternet

ҢϱṔEdit Connections
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EPCׄ ( ҵ -2)

Add ҵ
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EPCׄ ( ҵ -3)

ה Ethernet
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EPCׄ ( ҵ -4)

Ethernet -> device қ

15



EPCׄ ( ҵ -5)

IPv4Settings -> Method Manual

Addresses( ᴞАᾼIP ứ)
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EPCׄ ( в -1)

в Ȳ ᴟeNB

ҢϱṔEdit Connections
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EPCׄ ( в -2)

Add в
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EPCׄ ( в -3)

ה Ethernet

19



EPCׄ ( в -4)

Ethernet -> device қ
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EPCׄ ( в -5)

IPv4Settings -> Method Manual

Addresses( ứв IP)
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EPCׄ (ḆḂ -1)

֯ Ϥ

Å$ route -n

Å▲כҵ ᾼGateway
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EPCׄ (ḆḂ -2)

֯ Ϥ

Å$ sudoroute add -net default gw 163.18.104.254 dev eno1

ÅḆḂכҵ ᾼ
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EPCׄ (ḆḂ -3)

֯ Ϥ

Å$ sudogedit/etc/rc.local

Å ḆḂ ╓҆Ȳ Ϥᴟ ᴞ Ӣ
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EPCׄ (Ḇ Ṇ )

֯ Ϥ

Å$ sudoapt-get update && sudoapt-get upgrade

ÅḆ Ṇ
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EPCׄ (▲ hostname)

֯ Ϥ

Å$ hostname

Å▲ ѻ ֤
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EPCׄ ( ứFQDN)

֯ Ϥ

Å$ sudogedit/etc/hosts

Å ứFully Qualified Domain NameȲ ϯ Ẓᴩ
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EPC



EPCׄ (ׄ git Ԉ)

֯ Ϥ

Å$ sudoapt-get install subversion git
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EPCׄ (ϯ Ở )

֯ Ϥ
Å sudogit clone https://gitlab.eurecom.fr/oai/openair-cn.git

Å ϯ openair-cn Ở

Å Ϥ gitlab-eurecom
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EPCׄ (ϯ Ở )

֯ Ϥ
Å sudogit clone https://gitlab.eurecom.fr/oai/xtables-addons-oai.git

Å ϯ openair-cn Ở

Å Ϥ gitlab-eurecom
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EPCׄ (Ḇ Ở )

֯ Ϥ

Å$ cd openair-cn

Å $ sudogit checkout develop 

Å$ sudogit pull ( Ϥ gitlab-eurecom )

Å$ cd scripts
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EPCׄ (∂ HSS)

֯ Ϥ

Å$ sudo./build_hss-i

Åׄ Мҏ ứ ȲϚ√ ứrootȲ ᴻὢ
apache2
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EPCׄ (phpmyadmin ứ)

֯ Ϥ

Å$ sudoln -s /etc/phpmyadmin/apache.conf/etc/apache2/conf-

available/phpmyadmin.conf

Å$ sudoa2enconf phpmyadmin

Å$ sudo/etc/init.d/apache2 reload
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EPCׄ (∂ MME)

֯ Ϥ

Å$ sudo./build_mme-i
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EPCׄ (∂ SPGW)

֯ Ϥ

Å$ sudo./build_spgw-i
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EPCׄ (∂ӴEPC ứ )

֯ Ϥ

Å$ sudomkdir -p /usr/local/etc/oai/freeDiameter

Å $ sudocp ~/openair-cn/etc/mme.conf/usr/local/etc/oai

Å$ sudocp ~/openair-cn/etc/hss.conf/usr/local/etc/oai

Å$ sudocp ~/openair-cn/etc/spgw.conf/usr/local/etc/oai

Å $ sudocp ~/openair-cn/etc/acl.conf/usr/local/etc/oai/freeDiameter

Å $ sudocp ~/openair-cn/etc/mme_fd.conf/usr/local/etc/oai/freeDiameter

Å $ sudocp ~/openair-cn/etc/hss_fd.conf/usr/local/etc/oai/freeDiameter
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EPCׄ ( ḂHSS ứ )

֯ Ϥ

Å$ sudogedit/usr/local/etc/oai/hss.conf

Å ḂMYSQL_userȳMYSQL_passȳOPERATOR_key
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EPCׄ ( ḂMME ứ -1)

֯ Ϥ

Å$ sudogedit/usr/local/etc/oai/mme.conf

Å MCCȳMNCȳTAC SIMқᾼ
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EPCׄ ( ḂMME ứ -2)

Å ḂMME в қ֤ IP
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EPC IP



EPCׄ ( ḂSPGW ứ -1)

֯ Ϥ

Å$ sudogedit/usr/local/etc/oai/spgw.conf

Å ḂS-GW в қ֤ IP
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EPC IP



EPCׄ ( ḂSPGW ứ -2)

Å ḂP-GW ҵ қ֤

Å NETғ
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EPC

NET



EPCׄ ( ḂSPGW ứ -3)

Å ứDNSIP MTU

42

UE yes

DNS IP



EPCׄ ( Ḃmme_fd ứ )

֯ Ϥ

Å$ sudogedit/usr/local/etc/oai/freeDiameter/mme_fd.conf

Å ḂIdentity

43

EPC



EPCׄ (OAI -1)

֯ Ϥ

Å$ cd ~/openair-cn/scripts

Å $ sudo./check_hss_s6a_certificate /usr/local/etc/oai/freeDiameter/ 

hss.openair4G.eur
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EPCׄ (OAI -2)

֯ Ϥ

Å$ cd ~/openair-cn/scripts

Å $ sudo./check_mme_s6a_certificate /usr/local/etc/oai/freeDiameter/ 

f437epc.openair4G.eur
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EPC



EPCׄ ( HSS)

֯ Ϥ

Å$ cd ~/openair-cn/scripts

Å sudo./build_hss-c
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EPCׄ ( MME)

֯ Ϥ

Å$ cd ~/openair-cn/scripts

Å sudo./build_mme-c
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EPCׄ ( SPGW)

֯ Ϥ

Å$ cd ~/openair-cn/scripts

Å sudo./build_spgw-c
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EPCׄ (oai_db Ϥ )

֯ Ϥ

Å$ sudo./run_hss-i ~/openair-cn/src/oai_hss/db/oai_db.sql

( Ϥᶙכ∟Ȳ┬ ctrl + c)
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EPCׄ ( Ϥ )

Ϥ ᵿȸ127.0.0.1/phpmyadmin

Å Ϥ ȸroot

Å Ϥ ȸroot
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EPCׄ ( mmeidemtity )

Ϥoai_db->mmeidentity->SQLȲ Ϥ╓҆
Å INSERT INTO mmeidentity(`idmmeidentitỳ, `mmehost̀, `mmerealm̀,`UE-

reachability`) VALUES(7, 'f437epc.openair4G.eur','openair4G.eur','0')
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EPC



EPCׄ ( Ḃpgw ῶ)

Ϥoai_db->pgw Ḃ

Å Ḃid 3ᾼipv4Ȳ ҵ IP
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EPCׄ ( Ḃusers  ⇔)

Ϥoai_db-> users->

Å ḂkeyȳrandȳOPcᾼ ⇔ Ɫ40

53



EPCׄ ( users )

Ϥoai_db-> users->SQL

Å SIMқ Ȳ Ϥ ҟ
Å INSERT INTO users (`imsì , `msisdǹ, ìmeì , ìmei_sv̀ , `ms_ps_status`, r̀au_tau_timer̀, 

`ue_ambr_ul̀, `ue_ambr_dl̀, `access_restriction`, `mme_cap̀, `mmeidentity_idmmeidentitỳ, 

`key`, `RFSP-Index`, ùrrp_mmè, `sqǹ , `rand`, ÒPc̀ ) VALUES ('208930000000002',  

'33638060010', NULL, NULL, 'PURGED', '120', '50000000', '100000000', '47', '0000000000', 

'7', '0x11111111111111111111111111111111', '1', '0', '000000000001', 

'0x00000000000000000000000000000000', '0x11111111111111111111111111111111')
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eNBׄ ( ҵ )

Å ҵ Ȳ ᴟInternetȲⱢϠϯ
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eNBׄ (Ḇ Ṇ )

֯ Ϥ

Å$ sudoapt-get update && sudoapt-get upgrade

ÅḆ Ṇ
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eNBׄ (ׄ kernel)

֯ Ϥ

Å$ sudoapt-get install linux-image-4.4.0-59-lowlatency linux-

headers-4.4.0-59-lowlatency

Åׄ kernel4.4.0-59-lowlatency
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eNBׄ (ׄ cpufrequtils)

֯ Ϥ

Å$ sudoapt-get install cpufrequtils
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eNBׄ (ׄ i7z)

֯ Ϥ

Å$ sudoapt-get install i7z
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eNBׄ ( Ḃ )

֯ Ϥ

Å$ sudogedit/etc/default/grub

Å֯GRUB_HIDDEN_TIMEOUT=0› Ғϱ#

Å᷂GRUB_CMDLINE_LINUX_DEFAULT="quiet solash" Ḃכȸ
GRUB_CMDLINE_LINUX_DEFAULT="quiet intel_pstate=distable

processor.max_cstate=1 intel_idle.max_cstate=0 idle=poll"
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eNBׄ ( ḂCPU (1-ה

֯ Ϥ

Å$ sudogedit/etc/default/cpufrequtils

ÅҒϤGOVERNOR="performance"
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eNBׄ ( ḂCPU (2-ה

֯ Ϥ

Å$ sudo gedit /etc/modprobe.d/blacklist.conf

ÅἉϯҒϤ blacklist intel_powerclamp
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eNBׄ (Ḇ )

֯ Ϥ

Å$ sudoupdate-grub2

Å $ sudoupdate-rc.dondemanddisable

64



eNBׄ ( kernel )

kernel4.4.0-59-lowlatency
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eNBׄ ( ▲CPU -1)

֯ Ϥ

Å$ sudoi7z

Å CPU ȲCPU֢ ї оЛֵὑ1~2Hz
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eNBׄ ( ▲CPU -2)

֯ Ϥ

Å$ sudocpufreq-info

Å CPUⱢPerformance ה
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eNBׄ ( Kernel)

֯ Ϥ

Å$ sudouname-a

Å KernelᾪӐⱢ4.4.0-59-lowlatency
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eNBׄ (ϯ Ở )

ϯ Openairinterface5GỞ
ᵿȸ

https://gitlab.eurecom.fr/oai/openairinterface5g/tree/17b9a9e917ce2a3a8c7004c7b9a22

1c350ddfe17

69

https://gitlab.eurecom.fr/oai/openairinterface5g/tree/17b9a9e917ce2a3a8c7004c7b9a221c350ddfe17


eNBׄ ( )

Openairinterface5GẞHomeӭ ϯ
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eNBׄ (ׄ eNB )

֯ Ϥ

Å$ cd ~/openairinterface5g

Å $ source oaienv

Å$ cd cmake_targets

Å$ sudo./build_oai-I --eNB -x --install-system-files -w USRP
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eNBׄ ( в -1)

в Ȳ ᴟEPC

ҢϱṔEdit Connections

72



eNBׄ ( в -2)

Add в
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eNBׄ ( в -3)

ה Ethernet
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eNBׄ ( в -4)

Ethernet -> device қ
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eNBׄ ( в -5)

IPv4Settings -> Method Manual

Addresses( ứв IP)
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eNBׄ (ḆḂ -1)

֯ Ϥ

Å$ sudogedit~/openairinterface5g/targets/PROJECTS/GENERIC-

LTE-EPC/CONF/enb.band7.tm1.usrpb210.conf

Å Ḃtracking_area_codeȳmobile_country_codeȳmobile_network_code

77



eNBׄ (ḆḂ -2)

Å Ḃmme_ip_address

Å ḂNETWORK_INTERFACES
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EPC IP

eNB IP



eNBׄ ( eNB)

֯ Ϥ

$ cd ~/openairinterface5g

$ source oaienv

$ sudo./cmake_targets/build_oai-w USRP -x -c --eNB
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OAI ᴩ( EPC (ה

֯ Ϥ

Å cd ~/openair-cn/scripts 

Å ./run_hss

Ϛ ᾼ Ȳṳѹ Ϥ

Å cd ~/openair-cn/scripts 

Å ./run_mme

Ϛ ᾼ Ȳṳѹ Ϥ

Å cd ~/openair-cn/scripts 

Å ./run_spgw
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OAI ᴩ( eNB (ה

ẞeNBᾼ ϱȲ֯ Ϥ

Å$ cd ~/openairinterface5g/cmake_targets/lte_build_oai/build

Å$ sudo-E ./lte-softmodem-O ~/openairinterface5g/targets/PROJEC

TS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.usrpb210.conf -d
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OAI ᴩ(HSS ӱ )

EPCϱᾼHSS ӱ
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OAI ᴩ(MME ӱ )

EPCϱᾼMME ӱ

84



OAI ᴩ(SPGW ӱ )

EPCϱᾼSPGW ӱ
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OAI ᴩ(eNB ӱ )

eNBϱ ӱ
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UE Ҍ-1

SIMқ ϤDongle Ȳṳ ϱ ᾼUSB
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UE Ҍ-2

ẞ ϱ Ϥ192.168.8.1Ȳṳ LTE
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UE



UE Ҍ(MME ӱ )

UE Ҍכғ∟ȲEPCϱᾼMME ӱ

90



UE Ҍ(eNB ӱ )

UE Ҍכғ∟ȲeNBϱ ӱ
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UE

ẞ ϱ Ϥ192.168.8.1Ȳṳ LTE
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UE (MME ӱ )

UE ғ∟ȲEPCϱᾼMMEכ ӱ
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UE (eNB ӱ )

UE ғ∟ȲeNBϱכ ӱ
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-

96

֤ ӭᾼ

Web 

Server

CPU : i5-3470 RAM : 8 GB

HDD : 500 GB
1ү

ẁUEẞ ϱ  Cloudכ

Server Edge Serverᾼ ѱ

Ethernet Network PCIE Card 1 WAN (for Internet)

UE

CPU : i7-9750H

RAM : 8 GB

SSD : 256 GB

1ү ṿӣUE כ ѱ

RJ45
RJ45 ᾼCAT 5e 1 Web Server*1



-

Web 

Server

OSȸWindows 10 1909

WampServer 3.2.0

WordPress 5.4.2

UE
OSȸWindows 10 1909

VLC 2.2.4
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▐

98

Cloud Server
WAN IP 163.18.104.142

eNB
LAN IP 192.168.1.203

5%
IP 192.168.1.100

Router

Router

USRP B210 Switch

Reply videos

Request Viedo

Video

Edge

Network

Cloud

Network

WAN IP 163.18.104.126 EPC

WAN IP : 163.18.104.132

LAN IP : 192.168.1.203

Edge Server

Edge Server (on EPC)



Web Server▐ ῀

ÅWebServer Ϯ-VoD Streaming ᴭ☼
ṿӣẞ

Å Ԓ῀ EdgeServerếCloudServerᾼIP
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Wamp Serverϯ

Åϯ wampserver

Å ᵿȸhttps://www.wampserver.com/en/

101

https://www.wampserver.com/en/


ׄ Microsoft Visual C++

Åׄ Microsoft Visual C++2012ȳ2013ȳ2015

ÅWampServerИ ׄ ғכ
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phpMyAdmin

Å֯ ϱ Ϥlocalhost

Å phpmyadmin
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ϤphpMyAdmin

Ϥ

Åṿӣ῏֤ ȸroot

Å ȸ(ῈӪ)
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ḆḂphpMyAdmin (1)

Å ṿӣ῏

Å
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ḆḂphpMyAdmin (2)

Å ḆḂ

Åṳ ϤᴞА

Å Ẃṿӣȸrootf437
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ṿӣ῏ (1)

Å ṿӣ῏
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ṿӣ῏ (2)

Åṿӣ῏֤ ȸwp

Åѻ ֤ ȸ163.18.104.126

Å ȸrootf437
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WebServerIP

WebServerIP



ϯ Ḃᾼwordpress

ϯ webserver.zipṳ Ȳ
ᵿȸhttps://drive.google.com/drive/folders/1RJ7cxJgYCAKWl58kR-qxVL

khW8TsXNiM?usp=sharing

109

https://drive.google.com/drive/folders/1RJ7cxJgYCAKWl58kR-qxVLkhW8TsXNiM?usp=sharing


∂Ӵwordpress(1)

Å ϯ ᾼwpȲ ẞ ᾼwwwӭ ϯȸ
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∂Ӵwordpress(2)

Å›Ἇwordpress ȸ

Å ᵿȸhttp://163.18.104.126/wp/wp-admin/setup-config.php
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WebServerIP



∂Ӵwordpress(3)

Å Ϥ
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WebServerIP



∂Ӵwordpress(4)

Å
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ᴞАᾼ‒



Ϥ (1)

Å ϤphpMyAdminȲṳ Ϥwp

Å Ϥ
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