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AC Alternating Current

ACK ACKnowledge

AES Advanced Encryption Standard

ANSI American National Standards Institute
ARP Address Resolution Protocol

bit/s bits per second *bps

BPDU Bridge Protocol Data Unit

CA Certificate Authority

CBC Cipher Block Chaining

cC Continuity Check

CFM Connectivity Fault Management
CIST Common and Internal Spanning Tree
CRC Cyclic Redundancy Check



CSMA/CD Carrier Sense Multiple Access with Collision Detection

CST Common Spanning Tree

DA Destination Address

DC Direct Current

DES Data Encryption Standard

DHCP Dynamic Host Configuration Protocol

DNS Domain Name System

DRR Deficit Round Robin

DSA Digital Signature Algorithm

DSAP Destination Service Access Point

DSCP Differentiated Services Code Point

DSS Digital Signature Standard

E-Mail Electronic Mail

EAP Extensible Authentication Protocol

EAPOL EAP Over LAN

ECDHE Elliptic Curve Diffie-Hellman key exchange, Ephemeral
ECDSA Elliptic Curve Digital Signature Algorithm
EEE Energy Efficient Ethernet

FAN Fan Unit

FCS Frame Check Sequence

FDB Filtering DataBase

FQDN Fully Qualified Domain Name

GCM Galois/Counter Mode

GSRP Gigabit Switch Redundancy Protocol

HWMAC Keyed-Hashing for Message Authentication
HTTP Hypertext Transfer Protocol

HTTPS Hypertext Transfer Protocol Secure

1ANA Internet Assigned Numbers Authority

1CMP Internet Control Message Protocol

1CMPV6 Internet Control Message Protocol version 6
1D Identifier

1EEE Institute of Electrical and Electronics Engineers, Inc.
IETF the Internet Engineering Task Force

1GMP Internet Group Management Protocol

1P Internet Protocol

1Pv4 Internet Protocol version 4

1Pv6 Internet Protocol version 6

ISP Internet Service Provider

IST Internal Spanning Tree

L2LD Layer 2 Loop Detection

LAN Local Area Network

LED Light Emitting Diode

LLC Logical Link Control

LLDP Link Layer Discovery Protocol

MA Maintenance Association

MAC Media Access Control

MC Memory Card

MD5 Message Digest 5

MDI Medium Dependent Interface



MDI-X Medium Dependent Interface crossover

MEP Maintenance association End Point

MIB Management Information Base

MIP Maintenance domain Intermediate Point
MLD Multicast Listener Discovery

MSTI Multiple Spanning Tree Instance

MSTP Multiple Spanning Tree Protocol

MTU Maximum Transmission Unit

NAK Not AcKnowledge

NAS Network Access Server

NDP Neighbor Discovery Protocol

NTP Network Time Protocol

OAM Operations,Administration,and Maintenance
ouUl Organizationally Unique ldentifier
packet/s packets per second *pps

PAD PADding

PAE Port Access Entity

PC Personal Computer

PDU Protocol Data Unit

PGP Pretty Good Privacy

PID Protocol IDentifier

PIM Protocol Independent Multicast

PoE Power over Ethernet

PQ Priority Queueing

PS Power Supply

QoS Quality of Service

RA Router Advertisement

RADIUS Remote Authentication Dial In User Service
RDI Remote Defect Indication

REJ REJect

RFC Request For Comments

RMON Remote Network Monitoring MIB

RQ ReQuest

RSA Rivest, Shamir, Adleman

RSTP Rapid Spanning Tree Protocol

SA Source Address

SFD Start Frame Delimiter

SFP Small Form factor Pluggable

SFP+ enhanced Small Form-factor Pluggable
SHA Secure Hash Algorithm

SMTP Simple Mail Transfer Protocol

SNAP Sub-Network Access Protocol

SNMP Simple Network Management Protocol
SSAP Source Service Access Point

SSH Secure Shell

SSL Secure Socket Layer

STP Spanning Tree Protocol

TACACS+ Terminal Access Controller Access Control System Plus
TCP/IP Transmission Control Protocol/Internet Protocol



TLS Transport Layer Security

TLV Type, Length, and Value
T0S Type OF Service
TPID Tag Protocol Identifier
TTL Time To Live
uDbLD Uni-Directional Link Detection
UDP User Datagram Protocol
UsB Universal Serial Bus
VLAN Virtual LAN
WAN Wide Area Network
Www World-Wide Web
m KB
1KB 1MB 1GB 1TB 1024
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1
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(3) IPv4
1Pv4 TCP/UDP ICMP
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MAC
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(a) sFlow
VLAN
sFlow
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1.2

1.2.1
1-7

access-list IPv4

deny

ip access-group VLAN
IPv4 IPv4

ip access-list extended IPv4

ip access-list resequence 1Pv4 1Pv4

ip access-list standard IPv4

ipv6 access-list IPv6

ipv6 access-list resequence IPv6

ipv6 traffic-filter VLAN
IPv6 IPv6

mac access-group VLAN
MAC MAC

mac access-list extended MAC

mac access-list resequence MAC

permit

remark

flow detection mode

QoS

1-8

27

show access-filter

list

mac access-group
access-list ip access-list ipv6 access-

mac access-list

ip access-group  ipv6 traffic-filter

clear access-filter

list

mac access-group
access-list ip access-list ipv6 access-

mac access-list

ip access-group  ipv6 traffic-filter

1.2.2
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1. (config)# flow detection mode layer2-2
layer2-2

1.2.3 MAC
MAC

MAC

1. (config)# mac access-list extended IPX_DENY
mac access-list IPX_DENY MAC

2. (config-ext-macl)# deny any any ipx
IPX MAC

3. (config-ext-macl)# permit any any
MAC

4. (config-ext-macl)# exit
MAC

5. (config)# interface gigabitethernet 1/0/1
1/0/1

6. (config-if)# mac access-group IPX_DENY in
MAC

1.241P TCP/UDP

(1) IPv4
IPv4

IPv4
1. (config)# ip access-list standard FLOOR_A PERMIT
ip access-list  FLOOR_A_PERMIT IPv4

2. (config-std-nach)# permit 192.168.0.0 0.0.0.255
IP 192.168.0.0/24 IPv4

3. (config-ext-nacl)# exit

1Pv4
4. (config)# interface vlan 10
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(2)

3)

VLAN10
5. (config-if)# ip access-group FLOOR_A_PERMIT in
IPv4
IPv4
IPv4 telnet
IP TCP/UDP
1. (config)# ip access-list extended TELNET_DENY
ip access-list  TELNET_DENY IPv4
2. (config-ext-nacl)# deny tcp any any eq telnet
telnet 1Pv4
3. (config-ext-nacl)# permit ip any any
IPv4
4. (config-ext-nacl)# exit
IPv4
5. (config)# interface vlan 10
VLAN10
6. (config-if)# ip access-group TELNET_DENY in
IPv4
TCP/UDP
UDP
UDP
1. (config)# ip access-list extended PORT_RANGE_DENY
ip access-list  PORT_RANGE_DENY IPv4
2. (config-ext-nacl)# deny udp any any eq 10
UDP 10 IPv4
3. (config-ext-nacl)# permit ip any any
IPv4
4. (config-ext-nacl)# exit
IPv4
5. (config)# interface vlan 10
VLAN10
6. (config-if)# ip access-group PORT_RANGE_DENY in
IPv4
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(4) 1Pv6
IPv6

IPv6
IPv6

1. (config)# ipv6 access-list FLOOR_B_PERMIT
ipv6 access-list FLOOR_B_PERMIT

2. (config-ipv6-acl)# permit ipv6 2001:100::1/64 any
IP 2001:100::1/64

3. (config-ipv6-acl)# exit
IPv6

4. (config)# interface gigabitethernet 1/0/1
1/0/1

5. (config-if)# ipv6 traffic-Ffilter FLOOR_B_PERMIT in
IPv6

1.2.5

config-if-range

1. (config)# access-list 10 permit host 192.168.0.1
192.168.0.1 IPv4

2. (config)# interface range gigabitethernet 1/0/1-4
1/0/1-4

3. (config-if-range)# ip access-group 10 in
IPv4
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2 QoS

2.2

2.2.1
VLAN Tag
CoS CoS
CoS CoS 3.73
CoS
Tag Control VLAN Tag
VLAN Tag CoS 3
2-2 CoS
CoS
VLAN Tag

VLAN Tag 3

VLAN Tag 0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7

CoS
e VLAN
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2 QoS

2.3 QoS

2.3.1
QoS
2-3
ip gos-flow-group VLAN IPv4 QoS
IPv4 QoS
ip gos-flow-list IPv4 QoS QoS
ip gos-flow-list resequence IPv4 QoS
ipv6 qos-flow-group VLAN IPv6 QoS
IPv6 QoS
ipv6 qos-flow-list IPv6 QoS QoS
ipv6 qos-flow-list resequence IPv6 QoS
mac qos-flow-group VLAN MAC QoS
MAC QoS
mac qos-flow-list MAC QoS QoS
mac qos-flow-list resequence MAC QoS
gos QoS
gos-queue-group QoS
gos-queue-list QoS
remark QoS
traffic-shape rate
flow detection mode QoS
27 /
QoS
2-4
show gos-flow QoS mac gos-flow-group ip qos-flow-group ipv6 gos-
flow-group QoS mac qos-flow-list ip gos-flow-list
ipv6 qos-flow-list
clear gos-flow QoS mac qos-flow-group ip qos-flow-group ipv6 qos-
flow-group QoS mac qos-flow-list ip gos-flow-list

ipv6 qos-flow-list

show qos queueing
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2 QoS

clear qos queueing
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3.1

MAC IP TCP ICMP
QoS QoS
3.1.3 QoS
VLAN QoS
QoS VLAN
2 V2 IEEE802.3 SNAP/RFC1042
VLAN
3.1.1
QoS
Vol.1 3
flow detection mode
QoS

® mac access-group

® ip access-group

® ipv6 traffic-filter

® mac qos-flow-group

e ip gos-flow-group

® ipv6 qos-flow-group

layer2-1
3-1
layer2-1 MAC VLAN Tag MAC
MAC
layer2-2 IPv4 L4 1Pv4 IP TCP/UDP
ICMP
layer2-3 IPv4 IPv6 L4 IPv4 IPv6
IP TCP/UDP ICMP

3.1.2
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3-2

MAC VLANID !
MAC MAC
MAC
IPv4 VLANID !
MAC
IPv4 3
IP
IP
ToS
DSCP
Precedence
IPv4-TCP
TCP
IPv4-UDP
IPv4-ICMP ICMP
ICMP
IPv6 VLANID !
MAC
IPv6 5
IP
IP
DSCP
IPv6-TCP
TCP
IPv6-UDP
IPv6-ICMP ICMP
ICMP
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VLAN ID VLAN VLAN
VLAN ID
2
e VLAN Tag
VLAN Tag
VLAN Tag VLAN Tag
[1) VLAN Tag 1B 74— F
¥ 128 d | Ether
MAC-DA WAC-SA VLAN Tag | Type Data FGS
[ii) VLAN Tag 2RO 74— v |
| 1EBm | 2B@ | Ether
WAGDA | WAG=SA 1 vy N Tag | VLAN Tag | Type Data Fes
3
ToS
ToS ToS 3 6
Precedence ToS 3
Bitd Bitl Bit? Bitd Bit4d Bits Bité Bit7?
Precedence Tos | - |
DSCP ToS 6
Bitd Bitl Bit2 Bitd Bitd Bith Bit6 Bit]
D&CPE -
4
ack/fin/psh/rst/syn/urg 1
5
Bitd Bitl Bit2 Bit3 Bitd Bits Bité Bit?
FEI T wFISA
DSCP 6
Bith Bitl Bit? Bitd Bitd BitS Bit6 Bit?
| DSCP -
3.1.3 QoS
QoS QoS
QoS
QoS
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3-3 QoS
QoS
IP IPv4 IPv6
MAC mac qos-flow-list layer2-1 o o
IPv4 ip gos-flow-list layer2-2, o
layer2-3
IPv6 ipv6 qos-flow-list layer2-3 o
o
QoS QoS
QoS
1)
QoS
QoS
3-4
1
2 VLAN
3.14
(1) VLAN Tag QoS
2 VLAN Tag MAC IPv4 IPv6
QoS
° VLAN
° VLAN
(2) IPv4 QoS
1Pv4 TCP/UDP ICMP
TCP/UDP ICMP
QoS
MAC IP
(3) IPV6 QoS
IPv6 1 Hop-by-Hop Options IPv6 TCP/UDP ICMP
QoS
QoS MAC
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(4)

(5)

(6)

QoS

QoS
QoS

o 1 QoS

e QoS QoS
° QoS

QoS
QoS

QoS
e VLAN Blocking

° VLAN

. VLAN
° MAC

e MAC

e |GMP snooping MLD snooping

VLAN
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3.2

3.2.1
QoS
1. (config)# flow detection mode layer2-2
layer2-2
3.2.2 QoS
QoS
config-if-range QoS
1. (config)# ip qos-flow-list QOS-LIST1
IPv4 QoS QOS-LIST1
2. (config-ip-qos)# gos ip any host 192.168.100.10 action cos 6
192.168.100.10 IP CoS 6 QoS
3. (config-ip-qos)# exit
IPv4 QoS
4. (config)# interface range gigabitethernet 1/0/1-4
1/0/1-4
5. (config-if-range)# ip qos-flow-group QOS-LIST1 in
IPv4 QoS
3.2.3 TCP/UDP QoS
UDP QoS
UDP
1. (config)# ip qos-flow-list QOS-LIST1
IPv4 QoS QOS-LIST1
2. (config-ip-qos)# gos udp any any eq 10 action cos 6
UDP 10 CoS 6
3. (config-ip-qos)# exit
IPv4 QoS
4. (config)# interface gigabitethernet 1/0/1
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5.

1/0/1

(config-if)# ip gos-flow-group QOS-LIST1 in
IPv4 QoS
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3.3

3.3.1

Bucket

MAC

FCS

Token

3-6

DSCP

3.3.2

3-7
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3.3.3
(1) VLAN
VLAN
3-8
IP8800/S2630-48T4XW 1 24 49 50
IP8800/S2630-48P4XW 1 24 49 50
25 48 51 54
25 48 51 54
(2)
[ ]
[
(3) TCP
TCP
(4)
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3.4

34.1

1. (config)# ip qos-flow-list QOS-LIST1
IPv4 QoS QOS-LIST1 IPv4 QoS

2. (config-ip-qos)# qos ip any host 192.168.100.10 action max-rate 5M max-rate-burst 512
IP 192.168.100.10 =5Mbit/s
=512kbyte  IPv4 QoS

3. (config-ip-qos)# exit

IPv4 QoS
4. (config)# interface gigabitethernet 1/0/1
1/0/1
5. (config-if)# ip gos-flow-group QOS-LISTL in
IPv4 QoS QOS-LIST1
3.4.2
IP

1. (config)# ip qos-flow-list QOS-LIST2
IPv4 QoS QOS-LIST2 IPv4 QoS

2. (config-ip-qos)# gos ip any host 192.168.110.10 action min-rate 1M min-rate-burst 64
penalty-discard-class 1
IP 192.168.110.10 =1Mbit/s
=64kbyte =1 IPv4 QoS

3. (config-ip-qos)# exit
IPv4 QoS

4. (config)# interface gigabitethernet 1/0/3
1/0/3

5. (config-if)# ip gos-flow-group QOS-LIST2 in
IPv4 QoS QOS-LIST2
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3.4.3

3.4.4

DSCP
DSCP
IP min-rate
DSCP
(config)# ip qos-flow-list QOS-LIST3
IPv4 QoS QOS-LIST3 IPv4 QoS

(config-ip-qos)# qos ip any host 192.168.120.10 action min-rate 1M min-rate-burst 64
penalty-dscp 8
IP 192.168.120.10 =1Mbit/s
=64kbyte DSCP =8 IPv4 QoS

(config-ip-qos)# exit
IPv4 QoS
(config)# interface gigabitethernet 1/0/5
1/0/5
(config-if)# ip gos-Flow-group QOS-LIST3 in
IPv4 QoS QOS-LIST3

DSCP

DSCP

(config)# ip qos-flow-list QOS-LIST4
IPv4 QoS QOS-LIST4 IPv4 QoS

(config-ip-qos)# gos ip any host 192.168.130.10 action max-rate 5M max-rate-burst 512 min-
rate 1M min-rate-burst 64 penalty-dscp 8
IP 192.168.130.10 =5Mbit/s
=512kbyte =1Mbit/s =64kbyte
DSCP =8 IPv4 QoS

(config-ip-qos)# exit
IPv4 QoS

(config)# interface gigabitethernet 1/0/7
1/0/7

(config-if)# ip qos-Flow-group QOS-LIST4 in
IPv4 QoS QOS-LIST4
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3.5

VLAN Tag IP DSCP
DSCP
\ol.1 24-8
2
351
VLAN Tag User Priority
Tag Control 3
3-1 VLAN Tag
MAC-DA WAC-SA | VLAN Tag | ESTET Data FCS
Type
Tag Protocel D Tag Contral
N Cenonical ===
User Prierity Format VLAN D
«—— e > »
JEw b 1€ k 12w b
VLAN Tag MAC 1
VLAN Tag VLAN Tag
3-2 VLAN Tag
[1) VLAN Tag 1B 74— F
_ 128 d | Ether
MAC-DA WAC-5A VLAN Tag | Type Data FC&
(11} VLAN Tag RO T4+ —7w F
¥ IBE® | ZBE® |Ether
MAG-DA | WAG-SA | viaN Tag | VLAN Tag | Type Data FCS
VLAN Tag VLAN Tag
VLAN Tag
3-9
7
DHCP snooping DHCP
DHCP snooping ARP ARP
GSRP Flush request
3 VLAN Tag VLAN Tag
VLAN
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VLAN VLAN
Tag
Tag VLAN
VLAN Tag VLAN Tag
IGMP snooping IGMP PIM Hello
224.0.0.0/24 IPv4
MLD snooping MLD f02::/16 IPv6
2 ARP ARP
CFM
3.5.2 DSCP
IPv4 TOS IPv6 6
DSCP TOS
3-3 TOS
<P~ T4 —=TF o >
Ver | HLEN [ Type 0O Service Total Length
Edant{lff'ix:a:'wn ‘F\Iass] Fragment Offset
Time To Liw:" | Protocol ‘\‘ Header Checksum
;:' Source 1P Addr'éﬁ:s
f.—" Destination IP Addrégs
DEcP FER
6w k Fu F
3-4
<IPVE~ 2 F24—T v k>
Ver Traffic Class ] Flow Label
I Payload Length “"..‘_ Next Header Hop Limit
,': Source \i‘ﬂ_‘hddress
I.’ Destination IF;‘ﬁ.dgress
DSCP FEM
=N Ew
TOS 6
DSCP
DSCP 0
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3.6

3.6.1
IP
1. (config)# ip qos-flow-list QOS-LIST1
IPv4 QoS QOS-LIST1 IPv4 QoS
2. (config-ip-qos)# gos ip any host 192.168.100.10 action replace-user-priority 6
192.168.100.10 IP 6 IPv4 QoS
3. (config-ip-qos)# exit
IPv4 QoS
4. (config)# interface gigabitethernet 1/0/1
1/0/1
5. (config-if)# ip qgos-Fflow-group QOS-LISTL in
IPv4 QoS QOS-LIST1
3.6.2 DSCP
DSCP
IP DSCP
1. (config)# ip qos-flow-list Q0S-LIST3
IPv4 QoS QOS-LIST3 IPv4 QoS
2. (config-ip-qos)# qos ip any host 192.168.100.10 action replace-dscp 63
192.168.100.10 IP DSCP 63 IPv4 QoS
3. (config-ip-qos)# exit
IPv4 QoS
4. (config)# interface gigabitethernet 1/0/3
1/0/3
5. (config-if)# ip gos-flow-group QOS-LIST3 in

IPv4 QoS QOS-LIST3
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3.7

CoS
3.7.1
3.7.1
3-10
X o
o X
\Vol.1 24-8 2
3.7.2 CoS
CoS
CoS
3-11 CoS
CoS 0 7
1 3
CoS
CoS
3-12 CoS
CoS
3
QoS CoS
° CoS
° CoS
° CoS

CoS
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3-13
CoS
7
0
3.7.3 CoS
CoS CoS
CoS
(1) CoS
8 CoS
3-14 CoS
CoS
0 1
1 2
2 3
3 4
4 5
5 6
6 7
7 8
3.7.4
(1)
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3.8

3.8.1 CoS

CoS

IP CoS

(config)# ip qos-flow-list QOS-LIST1
IPv4 QoS QOS-LIST1

(config-ip-qos)# gos ip any host 192.168.100.10 action cos 6
192.168.100.10 IP CoS 6 IPv4 QoS

(config-ip-qos)# exit
IPv4 QoS

(config)# interface gigabitethernet 1/0/1
1/0/1

(config-if)# ip gos-flow-group QOS-LISTL in
IPv4 QoS QOS-LIST1
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4.2

42.1

4.2.2

QoS

(config)# qos-queue-list QLIST-PQ pq
QoS QLIST-PQ PQ
(config)# interface gigabitethernet 1/0/1
1/0/1
(config-if)# qos-queue-group QLIST-PQ
QoS QoS

100Mbit/s
4kbyte

(config)# interface gigabitethernet 1/0/13
1/0/13
(config-if)# speed 100
(config-if)# duplex full
100Mbit/s

(config-if)# traffic-shape rate 20M 4
20Mbit/s 4kbyte
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4.3

4.3.1

QoS

(1)
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4.4

4.4.1

1. (config)# ip qos-flow-list QOS-LIST2
IPv4 QoS QOS-LIST2 IPv4 QoS

2. (config-ip-qos)# qos ip any host 192.168.100.10 action discard-class 2
192.168.100.10 IP 2 QoS

3. (config-ip-qos)# exit

IPv4 QoS
4. (config)# interface gigabitethernet 1/0/1
1/0/1
5. (config-if)# ip gos-flow-group QOS-LIST2 in
QoS QOS-LIST2
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5.1

51.1 2
2
e |EEES802.1X
IEEE802.1X IEEE802.1X EAPOL
e \Web
Web Web Web
e MAC
MAC
2
5.2 2
5-1 2
2
IEEE802.1X VLAN VLAN VLAN
VLAN MAC VLAN VLAN
VLAN
Web VLAN VLAN
VLAN MAC VLAN VLAN
MAC VLAN
MAC VLAN VLAN
VLAN MAC VLAN VLAN




2
2 VLAN VLAN
5-2 2
MAC IEEE802.1X MAC IEEE802.1X
MAC Web MAC Web
IEEE802.1X  Web IEEE802.1X Web
auto
5.1.2
2 RADIUS
RADIUS 2
5-3 2
2 RADIUS
IEEE802.1X VLAN x o
VLAN X )
Web VLAN o o
VLAN o o
MAC VLAN o o
VLAN o o
o X
5.1.3 MAC VLAN VLAN 2
2 MAC VLAN
VLAN mac-based VLAN
VLAN 2 VLAN
VLAN
5-4 VLAN 2
IEEE802.1X VLAN
Web VLAN
MAC VLAN
switchport mac vlan MAC
VLAN VLAN
MAC VLAN
switchport mac vlan VLAN VLAN

5.1.4 2
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5.2.1 2
5-5
2
IEEE802.1X MAC MAC VLAN VLAN
MAC MAC
VLAN VLAN
MAC VLAN VLAN
VLAN VLAN
EAPOL
Ring Protocol Ring Protocol
IGMP snooping IGMP snooping
VLAN
MLD snooping
DHCP snooping DHCP snooping
VLAN
DHCP snooping VLAN
VLAN
GSRP aware GSRP aware
IEEE802.3ah/UDLD IEEE802.3ah/UDLD
CFM CFM
Web MAC MAC VLAN VLAN
MAC MAC
VLAN VLAN VLAN
VLAN
MAC VLAN VLAN
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VLAN VLAN
VLAN VLAN
VLAN VLAN
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Ring Protocol Ring Protocol
IGMP snooping IGMP snooping
VLAN
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VLAN
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VLAN
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MAC MAC MAC VLAN VLAN
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VLAN
MAC VLAN VLAN
VLAN VLAN
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Ring Protocol

IGMP snooping

VLAN

IGMP snooping
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5 2
2
MLD snooping
DHCP snooping DHCP snooping
VLAN
DHCP snooping VLAN
VLAN
GSRP aware GSRP aware
IEEE802.3ah/UDLD IEEE802.3ah/UDLD
CFM CFM
5.2.2
2
° VLAN
° VLAN
° VLAN VLAN
1) VLAN
5-6 VLAN
IEEE802.1X Web MAC
¢] ¢] ¢]
¢] ¢] o
X X X
)
X
Web MAC IEEE802.1X

dot1x port-control force-authorized
dotlx port-control force-unauthorized

dotlx multiple-hosts
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2) VLAN
5-7 VLAN
IEEE802.1X Web MAC
MAC o o o
X X X
o X
Web MAC IEEE802.1X
auto
dotlx port-control force-authorized
dot1x port-control force-unauthorized
dot1x multiple-hosts
(3) VLAN VLAN
5-1 VLAN VLAN
FEE
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5-8 VLAN VLAN
IEEE802.1X Web MAC
VLAN VLAN VLAN VLAN VLAN VLAN
MAC Tagged x x o X o x
dotlq
Untagged o o o o o o
O X
RADIUS RADIUS VLAN
VLAN VLAN
VLAN
5.2.3 2
(1) IEEE802.1X Web MAC
IEEE802.1X VLAN MAC
IEEE802.1X VLAN Web MAC
2 IEEE802.1X VLAN
MAC Web MAC IEEE802.1X
VLAN IEEE802.1X Web
MAC Web
IEEE802.1X MAC Web IEEE802.1X
HUB
HUB#1 IEEE802.1X
HUB HUB#2 IEEE802.1X
Web VLAN MAC VLAN
IEEE802.1X clear dotlx auth-state
5-2 IEEE802.1X Web MAC

IEEE &02. 1XT [El—8%* THebEBEE
HiEEA FEFIIMACEERE T
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(2) Web MAC

MAC MAC
Web Web Web
MAC
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e RADIUS dead interval
e MAC dotlq
[ ]
° ACL/QoS
e RADIUS VLAN VLAN
5.3.1
1)
DHCP IP DNS
DHCP DNS
DHCP DNS
VLAN
2
° IPv4 IPv4
° MAC MAC
IPv4 MAC

MAC

1Pv4
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5-3 IPv4

DHCP DNS
eyl M=y

R BRI A | o B A BRDHOP H— s 45 .- l-
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L}
L}
L}
L}
L}
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L}
L}
L}
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L}
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L}
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1

IPv4 ip access-group
DHCP IP DHCP
IP IPv4 DHCP
DHCP
DHCP IP 10.10.10.254 10.10.10.0/24

permit udp 10.10.10.0 0.0.0.255 host 10.10.10.254 eq bootps
permit udp host 0.0.0.0 host 10.10.10.254 eq bootps
permit udp host 0.0.0.0 host 255.255.255.255 eq bootps

authentication ip access-group

° permit deny

® user-priority

(2) ARP

e vian

e \Web IP IPv4 IP
IP Web IP Web
IP
ARP

authentication arp-relay ARP
ARP
IEEE802.1X ARP

75



dotlx supplicant-detection  auto auto
ARP MAC
ARP permit
3) 2
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(4) DHCP snooping
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5-11 |IEEE802.1X VLAN
VLAN
1 VLAN
2 VLAN
3 VLAN
4 VLAN
5-12 IEEE802.1X VLAN
VLAN
1 VLAN
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VLAN
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authentication auto-logout strayer

2
1
(4)
2
5-17 VLAN
MAC IEEE802.1X IEEE802.1X
Web Web VLAN
IEEE802.1X Web Web VLAN
5-18 VLAN
MAC IEEE802.1X IEEE802.1X
Web Web
VLAN
IEEE802.1X Web Web
VLAN
1
2 VLAN
e MAC VLAN VLAN MAC
° VLAN VLAN
switchport mac dotlq vlan VLAN
[ J
IEEE802.1X MAC
° IEEE802.1X
[ ]
MAC VLAN

IEEE802.1X clear dotlx auth-state
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e MAC clear mac-authentication auth-state
e Web clear web-authentication auth-state
2 VLAN
2

5.3.5 RADIUS dead interval

RADIUS authentication radius-server dead-

interval RADIUS

RADIUS
RADIUS authentication radius-server
dead-interval RADIUS
dead-interval RADIUS

e |EEEB02.1X clear dotlx dead-interval-timer

e \Web clear web-authentication dead-interval-timer
e MAC clear mac-authentication dead-interval-timer
RADIUS dead interval
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clear mac-authentication auth-state

clear mac-authentication auth-state

no mac-authentication system-auth-control

[ J
° MAC
MAC
e VLAN
e VLAN
e VLAN suspend
e MAC
MAC

5.3.7

authentication logout linkdown

5.3.8 ACL/QoS
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85

MAC

MAC

10

VLAN

/QoS

MAC

0 63

no



ACL/QoS

RADIUS

|

|

|

|

I}

I
",F

|

»

FEE

222D
5-20
A X
B X
C X Z
D S
B C D X Y Z S
2)
ACL/QoS RADIUS RADIUS
Web MAC
(3)
RADIUS
12 12-2 RADIUS
5-21 RADIUS
Type
Filter-1d 11 "/Class=x"
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2 RADIUS 0 63
ACL/QoS RADIUS
0
(4) /QoS
ACL/QoS /QoS
0 63 0 63
/QoS
5-22 ACL/QoS /QoS
MAC deny mac access-list extended o
permit mac access-list extended
IPv4 access-list X
deny ip access-list standard
permit ip access-list standard
deny ip access-list extended o
permit ip access-list extended
IPv6 deny ipv6 access-list X
permit ipv6 access-list
QoS MAC QoS mac qos-flow-list o
IPv4 QoS ip qos-flow-list o
IPv6 QoS ipv6 qos-flow-list X
X
)
0 63
6bit
5-7
4 4
5-23
permit
A 1 1
A
B 1 Y 2
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permit
B
C 3 1 X Zz 4
Cc
D 4 1 S 8
D
5-24
2
A 1 000001 A
X
B 2 000010 B
X Y
Cc 4 000100 C
X Z
D 8 001000 D
S
B C D 14 001110 B C D
X Y zZ S
5.3.9 RADIUS VLAN VLAN
RADIUS VLAN RADIUS Tunnel-Type Tunnel-Medium-Type
Tunnel-Private-Group-1D VLAN
Tunnel-Type  Tunnel-Medium-Type Tunnel-Private-Group-1D VLAN
MAC VLAN VLAN
RADIUS
RADIUS 6 IEEE802.1X 8 Web 10 MAC
5-25 Access-Accept RADIUS
RADIUS
Tunnel-Type Tunnel- Tunnel-Private- / VLAN
Medium-Type Group-ID
VLAN
VLAN(13) IEEE-802(6) VLAN
switchport mac dotlq
vlan VLAN
VLAN VLAN
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RADIUS
Tunnel-Type Tunnel- Tunnel-Private- / VLAN
Medium-Type Group-ID
MAC VLAN Tunnel-Private-Group-1D
MAC VLAN

authentication native vlan
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5.4 2

5.4.1
1)

setclock 3
3
(2)
IEEE802.1X Web MAC
switchport mode
shutdown

auth-state
60

authentication
MAC
L2MAC

3)

restart mac-authentication

clear dotlx auth-state clear web-authentication

clear mac-authentication auth-state

no shutdown

restart dotlx restart web-
IEEE8B02.1X Web
restart vlan mac-manager

dotlx system-auth-control web-authentication system-auth-control

mac-authentication system-auth-control

state clear web-authentication auth-state

no shutdown

mac-manager L2MAC
(4)
authentication
L2MAC
(5) MAC VLAN
IEEE802.1X VLAN
VLAN

<vlan id list> mac-based

° reload

shutdown clear dot1x auth-
clear mac-authentication auth-state

60

restart vlan

restart dotlx restart web-authentication restart mac-

restart vlan mac-manager

Web VLAN MAC
vlan
1600 L2MAC
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[ ] restart vlan mac-manager
5.4.2 RADIUS
(1) RADIUS
2 2 RADIUS
2 RADIUS

e |EEE802.1X dotlx radius-server host
e Web web-authentication radius-server host
e MAC mac-authentication radius-server host

RADIUS
2 RADIUS

RADIUS
RADIUS

(2)

DNS

IEEE802.1X

e Web MAC Can't execute.

e SNMP IEEE802.1X MIB
° SNMP

RADIUS

IEEE802.1X

IEEE802.1X
radius-server host

RADIUS
RADIUS

3)

RADIUS
dotl1x radius-server host
1

RADIUS
host

RADIUS

RADIUS

RADIUS
2

IPv6
IPv6

(4)

91

1Pv4
DNS

Connection failed to 802.1X program.

2
IPv6
RADIUS
RADIUS

dotlx

dotlx radius-server

dotlx radius-server host

RADIUS



5 2
(5) RADIUS dead interval

dead-interval 1 authentication radius-server

dead-interval 1 1

dead-interval
(6) IEEE802.1X RADIUS
dotlx radius-server host RADIUS
dotlx timeout server-timeout IEEE802.1X

IEEE802.1X dotlx radius-server host

RADIUS
dotlx timeout server-timeout
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5.5 2

5.5.1

5-26

IEEE802.1X Web MAC
authentication arp-relay ARP o o o
authentication auto-logout strayer o o
authentication force-authorized enable o o o
authentication force-authorized vlan VLAN o o o
VLAN ID
authentication ip access-group o o o
IPv4
authentication logout linkdown o o o
authentication mac access-group o o o
MAC
authentication max-user (global) o o o
authentication max-user (interface) o o o
authentication native vlan VLAN o o o
RADIUS Tunnel-
Private-Group-ID
VLAN
authentication radius-server dead- RADIUS o o o
interval RADIUS
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5 2
5-27 2
IEEE802.1X Web MAC
show authentication fail-list 2 o o o
MAC
clear authentication fail-list 2 o o o
o
552 2
1) ARP
ARP

(2)

3)

(config)# interface gigabitethernet 1/0/10
(config-if)# web-authentication port
(config-if)# mac-authentication port
(config-if)# authentication arp-relay
(config-if)# exit

Web MAC 1/0/10 ARP

authentication ip access-group

(config)# ip access-list extended 100
(config-ext-nacl)# permit udp any any eq bootps
(config-ext-nacl)# permit ip any host 10.0.0.1
(config-ext-nacl)# exit
(config)# interface gigabitethernet 1/0/10
(config-if)# web-authentication port
(config-if)# mac-authentication port
(config-if)# authentication ip access-group 100
(config-if)# exit
DHCP IP 10.0.0.1 DNS
IPv4

RADIUS Web Web DB MAC
MAC DB
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1. (config)# authentication force-authorized enable

(4) VLAN ID

VLAN VLAN ID

1. (config)# interface gigabitethernet 1/0/5
(config-if)# switchport mode mac-vlan
(config-if)# switchport mac vlan 100,200
(config-if)# web-authentication port
(config-if)# mac-authentication port
(config-if)# authentication force-authorized vlan 100
(config-if)# exit
Web MAC VLAN 1/0/5
VLAN ID 100

(5)

1. (config)# authentication max-user 512
2 512

(6)

1. (config)# interface gigabitethernet 1/0/5
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# mac-authentication port
(config-if)# authentication max-user 64
(config-if)# exit

1/0/5 64

(7) RADIUS dead interval

RADIUS RADIUS
RADIUS (dead interval )

1. (config)# authentication radius-server dead-interval 20
RADIUS dead interval 20

(8)
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(9)

(10)

(config)# authentication auto-logout strayer

(config)# interface gigabitethernet 1/0/5
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# mac-authentication port
(config-if)# no authentication logout linkdown
(config-if)# exit

1/0/5

ACL/QoS

ACL/QoS /QoS
10 30

(config)# ip access-list extended authen-classes

(config-ext-nach)# permit ip any 192.168.10.0 0.0.0.255 class 10
(config-ext-nacl)# permit ip any 192.168.30.0 0.0.0.255 class 30

(config-ext-nacl)# exit
authen-classes

(config)# interface gigabitethernet 1/0/5
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# mac-authentication port
(config-if)# ip access-group authen-classes in
(config-if)# exit

1/0/5 authen-classes
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6 |EEE802.1X

6 IEEE802.1X

IEEE802.1X  OSI
IEEE802.1X

97



6 |EEE802.1X

6.1 IEEES02.1X

IEEE802.1X LAN RADIUS
IEEE802.1X
6-1
Authenticator LAN
EAP Over LAN(EAPOL) EAP Over
RADIUS

Authenticator
Authenticator

Supplicant EAPOL
Supplicant
Supplicant
Supplicant Supplicant

Authentication
Server

IEEE802.1X
IEEE802.1X

6-1 IEEE802.1X

RADIUSH—. <
Eﬁ‘r EAP |over LAN EAP over RADIUS

L2

L2 EAPOL
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6 |EEE802.1X

6-2 L2

IEEE802.1X

PC 2
%}‘ L2A A wF T RADIUSH— %

PC 3 EAP over LAN EAP over RADIUS

PC 4
6.1.1
(1)

PAE Authenticator Supplicant
2)
RADIUS EAPOL
EAPoverRADIUS RADIUS RADIUS EAP
RADIUS 6-2 1 Access-Request
6-5 4 Access-Reject
6-2 1 Access-Request
Type
User-Name 1
NAS-IP-Address 4 Authenticator( ) IP
IP
NAS-Port 5 Supplicant Ifindex
Service-Type 6
Framed(2)
Framed-MTU 12 Supplicant  Authenticator
(1466)
State 24 Authenticator  RADIUS State
Called-Station-1d 30 MAC MAC
ASCIl -
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6 |EEE802.1X

Type
Calling-Station-1d 31 Supplicant  MAC ASCIl "
NAS-Identifier 32 Authenticator
NAS-Port-Type 61 Authenticator
Ethernet(15)
Connect-Info 77 Supplicant
"CONNECT Ethernet"
"CONNECT Port-Channel"
EAP-Message 79 EAP
Message-Authenticator 80 RADIUS/EAP
NAS-Port-1d 87 Supplicant Authenticator
"Port x/0/y"
"ChGr x"
Xy
NAS-IPv6-Address 95 Authenticator IPv6
IPv6
6-3 2 Access-Challenge
Type
Reply-Message 18
State 24 Authenticator ~ RADIUS State
Session-Timeout 27 Supplicant EAP-Request
EAP-Message 79 EAP
Message-Authenticator 80 RADIUS/EAP
6-4 3 Access-Accept
Type
Service-Type 6
Framed(2)
Filter-1d 11 Supplicant
no
ACL/QoS
Reply-Message 18
Session-Timeout 27 Supplicant
Termination-Action 29 Radius
Tunnel-Type 64 VLAN
VLAN(13)
Tunnel-Medium-Type 65 VLAN
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6 |EEE802.1X

Type

IEEE802(6)

EAP-Message

79 EAP

Message-Authenticator

80 RADIUS/EAP

Tunnel-Private-Group-1D

85 VLAN

(1)VLAN ID

®

VLAN10
1)
@
3

Accept
VLAN

(2)"VLAN"+VLAN ID

name

"10"
"VLAN10"
"business-office"

Supplicant
VLAN

VLAN

VLAN

Acct-Interim-Interval

85 Interim
60

()

Interim

600

(60

600

RADIUS
Session-Timeout

Access-Accept

Termination-Action

Radius-Request(1)

Session-Timeout

0
1 60 60
61 65535
6-5 4 Access-Reject
Type
Reply-Message 18
EAP-Message 79 EAP
Message-Authenticator 80 RADIUS/EAP
3
6-6
EAP-MD5-Challenge UserPassword
EAP-TLS
EAP-PEAP EAP-TLS EAP
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6 |EEE802.1X

2
PEAP-MS-CHAP V2
PEAP-TLS

EAP-TTLS

EAP-TLS

(EAP PAP CHAP

)

(4) RADIUS Accounting

RADIUS Accounting

IEEE802.1X

RADIUS Authentication

RADIUS Accounting

RADIUS Accounting RADIUS
6-7 RADIUS Accounting
Type
start stop Interim-
Update
User-Name 1 o o o
NAS-IP-Address 4 Authenticator( ) o o o
IP
IP
NAS-Port 5 Supplicant o o o
Ifindex
Service-Type 6 o o o
Framed(2)
Calling-Station-Id 31 Supplicant  MAC ASCIl " o o o
NAS-Identifier 32 Authenticator ( o o o
)
Acct-Status-Type 40 Accounting o o o
Start(1) Stop(2) Interim-Update(3)
Acct-Delay-Time 41 Accounting () o o o
Acct-Input-Octets 42 Accounting ( ) o o
()
Acct-Output-Octets 43 Accounting ( ) o o
()
Acct-Session-1d 44 Accounting ID o o o
Acct-Authentic 45 (RADIUS(1) Local(2) Remote(3)) o o o
Acct-Session-Time 46 Accounting ( ) o o
Acct-Input-Packets 47 Accounting ( ) o o
(0)
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6 |EEE802.1X

Type
start stop Interim-
Update
Acct-Output-Packets 48 Accounting ( ) o o
(0)
Acct-Terminate-Cause 49 Accounting ( ) o
6-8 Acct-Terminate-Cause
NAS-Port-Type 61 Authenticator ) o o
Ethernet(15)
NAS-Port-1d 87 Supplicant Authenticator o o o
NAS-Port-1d
NAS-Port 4
NAS-Port
"Port x/0/y"
"ChGr x"
(x vy )
NAS-IPv6-Address 95 Authenticator( o o o
IPvV6
IPv6
( ) o
6-8 Acct-Terminate-Cause
User Request 1 Supplicant
logoff
Lost Carrier 2
Idle Timeout 4
Admin Reset 6
force-authorized
force-unauthorized
Reauthentication Failure 20
Port Reinitialized 21 MAC
VLAN Disable
switchport mode
clear dot1x auth-state
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6 |EEE802.1X

(5) syslog
IEEE802.1X syslog E-mail
IEEE802.1X E-mail
syslog PID
6-3 syslog
- A AL HER - AT
- hREX - FEE )
n EEE ,._t p!t_:":m ",-.I
syelog~m eye logiiHED SRR LT IEEE80Z. 1% A wie—LEN
B EEE PIDME ERTEE
Birie =
A A ERR
dotlx logging enable logging event-kind aut  E-mail

logging email-event-kind aut
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6 |EEE802.1X

6.2

IEEE802.1X
6.2.1
IEEE802.1X
6-9
VLAN
VLAN
« )
1)
(a) VLAN
MAC MAC VLAN
VLAN
[ ]
[
Tagged Untagged
° Tagged VLAN Tag VLAN
° Untagged VLAN
(b) VLAN
MAC MAC VLAN
VLAN VLAN VLAN
VLAN VLAN VLAN
e MAC
2
@)
IEEE802.1X
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6 |EEE802.1X

(b)
EAP
EAP
(©)
MAC
EAP EAP
3
€Y
6-10
VLAN 1024 1 1024
VLAN
6.2.2
tx-period
EAP-Request/ldentity
EAP-Request/Identity
dotlx supplicant-detection
shortcut Request/Identity
Untagged VLAN
VLAN Request/ldentity
dot1x supplicant-detection auto
(1) auto

EAP-Request/ldentity

EAP-Request/ldentity

auto EAP-Request/Identity
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6 |EEE802.1X

6-4 auto EAP-Request/Identity
Suppl i cant Authent icator RADIUS Server
|
FEDN T+ Supplicanth & MEED AL v k-
- BEEUMICEBIEARLET S
EAP-Req/1d . '
= EAP-Req/IdE =%+ 2 FTit(E
EAPResp/1d

MD577 & MEBEE 2 —4r v 2,

EAP-Success

(2) disable

EAP-Request/Identity
EAPOL-Start

EAPOL-Start Supplicant
Supplicant  EAPOL-Start
auto

EAP-Request/Identity

disable EAP-Request/ldentity

6-5 disable EAP-Request/Identity

Suppl icant futhenticator RADIUS Server
EAP-Req/1d
EAP-Resp/ Id

| MD5 75 & IZEE S— 4 R
EAP-Success

EAP-Req/Id IBEE F A Suppl icanthidH S
1RE (TEAP-Req/ | = {EFEIL

EAP-Request/Identity

3) full

20
full EAP-Request/Identity
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6 |EEE802.1X

6-6 full EAP-Request/Identity
Suppl icant Authenticator RADIUS Server
EAP-Req/1d
EAP-Resp/ Id

MDS7%E & DEBEE 2 —4r 2o 2

EAP-Success
. EAP-Reg/1d
EAP-Resp/ Id
MD5% & MEBEE L — 47 R . E2REFA-Supp| icant®
BiE— AT HBE L AL
EAP-Success
(4) shortcut
EAP-Request/ldentity
EAP-Success
Supplicant EAP-Success
shortcut EAP-Request/Identity
6-7 shortcut EAP-Request/Identity
Suppl icant Authenticator RADIUS Server
EAP-Req/ld
EAP-Resp, 1d -
MD5 5 & EEIE 2 —4 v R
EAP-Success
=
EAP-Req/ld
EAPResp/Id .
! IBREFA+Supp| i cantld
EAP-Success B —5 AL EE
6.2.3
EAPOL-Start
6.2.4 RADIUS
(1) RADIUS
RADIUS 4 IP

IEEE802.1X IP 54.2
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6 |EEE802.1X

RADIUS
IP RADIUS
\ol.1 13.1
RADIUS
RADIUS RADIUS
RADIUS EAP-Failure
RADIUS EAP-
Failure
(2)
RADIUS
6-4
3 Access-Accept
e Filter-Id
(3) RADIUS
RADIUS RADIUS NAS IP
IP
L IP
° IP IP
RADIUS IP
IP RADIUS
RADIUS
IP
6.2.5 EAPOL
IEEE802.1X EAPOL EAPOL
MAC IEEE 802.1D
IEEE802.1X Authenticator
L2
\Vol.1 276 L2
6.2.6
6-11
VLAN
VLAN
o o
o o
o o
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6 |EEE802.1X

VLAN
VLAN
VLAN o o
O o
IEEE802.1X o o
VLAN o
o
1)
clear dot1x auth-state MAC
MAC VLAN ID MAC
2)
3
MAC
10 60 MAC
3 180
no dotlx auto-logout
(4) VLAN
VLAN VLAN
e VLAN
e VLAN suspend
)
(6) |EEE802.1X
IEEE802.1X IEEE802.1X
7) VLAN
VLAN switchport mac vlan

VLAN ID VLAN
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6 |EEE802.1X

6.2.7
5.3 2
6.2.8
5.3 2
6.2.9
6.2.4 RADIUS
ACL/QoS
5.3.2
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6 |EEE802.1X

6.3 IEEES02.1X

(1)

IEEE802.1X

IEEE802.1X 52 2
(2) MAC VLAN
MAC VLAN
(3) Interim
RADIUS Accounting  Interim RADIUS
600
Interim RADIUS

(4)

tx-period reauth-period supp-timeout quiet-period keep-unauth

clear dotlx auth-state

112
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7 |EEE802.1X

7 IEEE802.1X

IEEE802.1X  OSI 2
IEEE802.1X
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7 |EEE802.1X

7.1

7.1.1

IEEE802.1X

7-1

aaa accounting dotlx default RADIUS
aaa authentication dot1x default IEEE802.1X RADIUS
dotlx auto-logout
dotlx ignore-eapol-start Supplicant EAPOL-Start EAP-Request/ldentity
dot1x logging enable IEEE802.1X syslog
E-Mail
dotlx loglevel
dotlx max-req Supplicant EAP-Request/ldentity
dot1x max-supplicant
dotlx multiple-hosts IEEE802.1X
dot1x multiple-authentication
dot1x port-control IEEE802.1X
dot1x radius-server host IEEE802.1X RADIUS IP
dotlx reauthentication
dot1x supplicant-detection
dotlx system-auth-control IEEE802.1X
dotlx timeout keep-unauth
dotlx timeout quiet-period Supplicant
dotlx timeout reauth-period
dotlx timeout server-timeout
dotlx timeout supp-timeout Supplicant EAP-Request/ldentity Supplicant

dotlx timeout tx-period

EAP-Request/ldentity

IEEE802.1X
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7 |EEE802.1X

7-2
show dot1x Supplicant
show dot1x logging IEEE802.1X
show dotlx statistics IEEE802.1X

clear dotlx auth-state

clear dotlx dead-interval-timer dead interval 2 RADIUS
1 RADIUS

clear dot1x logging IEEE802.1X

clear dotlx statistics IEEE802.1X 0

reauthenticate dot1x IEEE802.1X

restart dot1x IEEE802.1X

dump protocols dotlx IEEE802.1X

7.1.2 IEEE802.1X

IEEE802.1X
IEEE802.1X
IEEE802.1X
1. (config)# dotlx system-auth-control
IEEE802.1X
7.1.3 VLAN
VLAN
IEEE802.1X

1. (config)# interface gigabitethernet 1/0/1
(config-if)# switchport mode access
1/0/1  access

2. (config-if)# dotlx multiple-authentication

3. (config-if)# dotlx port-control auto
IEEE802.1X

7.1.4 VLAN

VLAN
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7 |EEE802.1X

VLAN VLAN MAC
VLAN IEEE802.1X

VLAN

1. (config)# vlan 100 mac-based
(config-vlan)# state active
(config-vlan)# exit
VLAN VLAN100 MAC VLAN

2. (config)# interface gigabitethernet 1/0/1
(config-if)# switchport mode mac-vlan
(config-if)# switchport mac native vlan 10
1/0/1  mac-vlan VLAN

3. (config-if)# dotlx multiple-authentication

4. (config-if)# dotlx port-control auto

IEEE802.1X
7.1.5
1)
IEEE802.1X
1. (config)# interface gigabitethernet 1/0/1
(config-if)# dotix multiple-authentication
(config-if)# dotix port-control auto
(config-if)# dotlx max-supplicant 50
1/0/1 50
2)
tx-period
EAP-Request/Identity
shortcut disable
EAP-Request/Identity full

Supplicant full
auto EAP-Request/Identity
EAP-Request/Identity

1. (config)# interface gigabitethernet 1/0/1
(config-if)# dotlx multiple-authentication
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7 |EEE802.1X

7.1.6
1)

(2)

3)

(config-if)# dotix port-control auto

(config-if)# dotix supplicant-detection disable

1/0/1 EAP-Request/Identity

reauth-period
reauth-period tx-period

(config)# interface gigabitethernet 1/0/1

(config-if)# dotlx reauthentication

(config-if)# dotlx timeout reauth-period 360
1/0/1

EAP-Request

EAP-Request

reauth-period

(config)# interface gigabitethernet 1/0/1
(config-if)# dotlx timeout supp-timeout 60
1/0/1 EAP-Request
(config-if)# dotlx max-req 3
1/0/1 EAP-Request

EAP-Start
tx-period reauth-period

EAP-Request/Identity

360

60

dotlx reauthentication

(config)# interface gigabitethernet 1/0/1

(config-if)# dotix reauthentication

(config-if)# dotix ignore-eapol-start
1/0/1  EAP-Start
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7 |EEE802.1X

(4)

1. (config)# interface gigabitethernet 1/0/1
(config-if)# dotlx timeout quiet-period 300
IEEE802.1X 1/0/1

(5) EAP-Request/Identity

Request/ldentity

tx-period
EAP-Response/ldentity

EAP-Request/Identity

reauth-period tx-period ( + 20)x 2
tx-period 30 300
1. (config)# interface gigabitethernet 1/0/1
(config-if)# dotix timeout tx-period 300
IEEE802.1X 1/0/1  EAP-Request/Identity

(6)

Supplicant dot1x radius-server host

Supplicant

dotlx radius-server host

1. (config)# interface gigabitethernet 1/0/1
(config-if)# dotix timeout server-timeout 300
IEEE802.1X 1/0/1
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7 |EEE802.1X

(7)

IEEE802.1X

1. (config)# interface gigabitethernet 1/0/1
(config-if)# dotlx timeout keep-unauth 1800
IEEE802.1X 1/0/1 1800

7.1.7 RADIUS

(1) RADIUS

RADIUS IP
RADIUS dotlx timeout server-
timeout

1. (config)# dotlx radius-server host 10.0.0.200 timeout 1 retransmit 4 key "dotlxauth"
RADIUS IP RADIUS

2)
RADIUS

1. (config)# aaa accounting dotlx default start-stop group radius
RADIUS

(3) RADIUS

RADIUS

1. (config)# aaa authentication dotlx default group radius
RADIUS

7.1.8 IEEE802.1X
1)

clear dotlx auth-state MAC

7-1 IEEE802.1X
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7 |EEE802.1X

> clear dotlx auth-state

Initialize all 802.1X Authentication Information. Are you sure? (y/n) :

(2)

reauthenticate dotlx

Supplicant

7-2 IEEE802.1X

> reauthenticate dotlx
Reauthenticate all 802.1X ports and vlans. Are you sure? (y/n) :y
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8 Web

8 Web

Web Web VLAN
Web
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8 Web

8.1

Web Microsoft Edge Web Web
ID
MAC
Web
1)
° VLAN
MAC MAC VLAN
URL
Web IP
° VLAN
MAC MAC VLAN MAC
URL Web IP
VLAN VLAN VLAN
VLAN VLAN
2)
VLAN VLAN
RADIUS
[ J
DB Web DB PC
RADIUS
e RADIUS
RADIUS
3
Web IPv4
VLAN IPv4 RADIUS
IPv4 IPv6
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8 Web

8.2

RADIUS
IP
8.2.1 VLAN
VLAN MAC
VLAN MAC MAC
VLAN
[ ]
[ ]
Tagged Untagged
° Tagged VLAN Tag VLAN
] Untagged VLAN
8-1
Tagged 2 L— L&, IERINEE,
VLAN Tag TR Ef=VIANIZEETEET,
ot | L2R A o F
{ i it VLAN 10
i ! | R
; VLAN 10 E ; L ;
i ) ' : L] ,'
: ] = 17
i VLAN 20 ] :| [ T P
i L L] i
11 _rP % L :
b RAFaIN :
Y k | v 20 ;o

(1)

Web

Untagged 7 L-— LI &T, BIERETHEE,
T4 T TVANIZHETEET.

DB

123



8 Web

VLAN

8-2

F LA 84 (=

tATED

(MACF

pc2

O
PC3

=

Web

PC
DB

HUB

ID

PC

Web

PC

VLAN

PC

(2) RADIUS

RADIUS

RADIUS

RADIUS

VLAN

8-3
VLAN

o o

F LA A=

tATED

(MACT

pC2

(]
= "
PC3

FC1

RADIUSH—.%

Web

PC

HUB

124



8 Web

2. RADIUS PC ID
3. PC
4. PC VLAN
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VLAN VLAN
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8 Web

8.3

8.3.1
5.3 2
8.3.2
Web IP
Web IP Web
Web
e \Web IP
IP
(1) URL
http https
URL
8-9 URL
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Web https  URL
Web
(2) Web IP
Web IP
8-10 Web P
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Web
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° VLAN
VLAN
° Radius ID
Filter-1D
RADIUS Filter-
ID
8.34
8-1
VLAN
VLAN
Web o o
o) o)
o)
o)
o) o)
o)
(@] ]
VLAN o o
(@] ]
Web o o
VLAN o
() )
o
VLAN IP IP
DHCP IP
e DHCP IP DHCP IP
Windows ipconfig /release
ipconfig /renew
e |P IP IP

(1) Web

URL
Web

132



8 Web

(2)

web-authentication max-timer

Web
1
ID MAC
web-authentication max-timer
3
web-authentication logout polling interval
ARP ARP
web-authentication logout polling retry-interval ~ web-authentication logout
polling count ARP
Web
no web-authentication logout polling enable
1
CPU
(4)
MAC
Web
10 60 MAC
3 180

no web-authentication auto-logout

(5)
clear web-authentication auth-state
1D ID

(6)

° Web IP ping
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(7)

(8) VLAN

e VLAN
e VLAN

(9)

RADIUS

RADIUS

(10) Web

(11)
VLAN

(12)

8.3.5

8.3.6

8.3.7

MAC

web-authentication logout ping tos-windows TOS
web-authentication logout ping ttl TTL
VLAN
suspend
Web Web
VLAN

switchport mac vlan
VLAN ID VLAN

authentication auto-logout strayer

5.3 2

5.3 2
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1)
Web
show web-authentication logging
8-2
IP MAC VLAN
ID ID
o o o 1 o o 1!
o o o o 2 o
o o o 2 o 2 o 2 2
o o o 2 o 2 o 2 2
O
1
VLAN IP IP
VLAN ID VLAN ID
2
IP
Web 2100 2100
(2) RADIUS
aaa accounting web-authentication default start-stop group radius
RADIUS
o
ID MAC
[ ]
ID MAC
[ J
ID MAC
(3) RADIUS RADIUS
RADIUS RADIUS
RADIUS
RADIUS
(4) syslog
Web syslog E-mail
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Web Web
E-mail syslog PID
8-11 syslog
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web-authentication logging enable logging event-kind aut E-mail

logging email-event-kind aut
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8.4

Web Web Microsoft Edge Web
(1) Web

Web ID

URL Web Web
URL Web
URL Web URL
Web VLAN VLAN
URL  Web Web IP

e HTTP http://Web IP /login.html
e HTTPS https://Web IP /login.html
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3
Web DB RADIUS
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(5) Web
Web URL
Logout Web
URL URL Web Web IP
e HTTP http://Web IP /logout.html
e HTTPS https://Web IP /logout.html
Logout
e HTTP http://Web IP /login.html
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8 Web

8.5 Web DB RADIUS
85.1 Web DB
Web Web DB
Web DB
(1) Web DB
set web-authentication user ID VLAN ID
Web DB ID
commit web-authentication Web DB
Web DB
2) Web DB
store web-authentication Web DB
(3) Web DB
load web-authentication Web
DB set web-authentication user
8.5.2 RADIUS
Web RADIUS RADIUS
Web RADIUS
(1) RADIUS
ID VLAN ID RADIUS
RADIUS RADIUS
VLAN VLAN
1.  Tunnel-Type Virtual LANs VLAN 13
2. Tunnel-Medium-Type 6
3. Tunnel-Private-Group-ID  VLAN ID
[ ]
VLANID 2048 2048
° " VLAN” VLAN ID
VLANID 2048 VLAN2048
° name VLAN
ID 1 32
° ID ASCII 0x21 Ox7E
° ASCII 0x21 Ox7E
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PAP
(2) Web RADIUS
Web RADIUS
8-3 1 Access-Request
Type
User-Name 1
User-Password 2
NAS-IP-Address 4 IP
IP
RADIUS IP
NAS-Port 5 Ifindex
Service-Type 6 Framed(2)
State 24 RADIUS Access-
Challenge State
State
Called-Station-Id 30 MAC
MAC ASCII "
Calling-Station-1d 31 MAC ASCII “ "
00-12-e2-12-34-56
NAS-Identifier 32 VLAN VLAN ID
VLAN ID 100 100
VLAN
hostname
NAS-Port-Type 61 Virtual(5)
Connect-Info 77
"CONNECT Ethernet"
"CONNECT Port-Channel"
NAS-Port-1d 87
"Port x/0ly"
"ChGr x"
Xy
NAS-IPv6-Address 95 IPv6
IPv6
RADIUS
IPv6
8-4 2 Access-Accept
Type
Service-Type 6 Framed(2) Web
Reply-Message 18
Tunnel-Type 64 VLAN
VLAN 13
VLAN
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Type
Tunnel-Medium-Type 65 VLAN
IEEE802.1X 6  Tunnel-Medium-Type
VLAN
Tunnel-Private-Group-Id 81 VLAN
VLAN “ VLANxX”
xx  VLANID
1 0x00 Ox1f
Tag 2
VLAN 1
0x20 VLAN
VLAN
name VLAN
VLAN VLAN ID
VLAN
8-5 RADIUS Accounting
Type
User-Name 1
NAS-IP-Address 4 NAS IP
IP
IP
IP
NAS-Port 5 IfIndex
Service-Type 6 Framed(2)
Calling-Station-1d 31 MAC Ascll “ -7
00-12-e2-12-34-56
NAS-Identifier 32 VLAN VLAN ID
VLAN ID 100 100
VLAN
hostname
Acct-Status-Type 40 Start(1) Stop(2)
Acct-Delay-Time 41
Acct-Input-Octets 42 Accounting 0)
Acct-Output-Octets 43 Accounting 0)
Acct-Session-Id 44 Accounting ID
Acct-Authentic 45 RADIUS Local
Acct-Session-Time 46
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Type
Acct-Input-Packets 47 Accounting (0)
Acct-Output-Packets 48 Accounting 0)
Acct-Terminate-Cause 49 Accounting

8-6 Acct-Terminate-Cause
NAS-Port-Type 61 Virtual(5)
NAS-Port-Id 87
"Port x/0/y"
"ChGr x"
Xy
NAS-IPv6-Address 95 NAS IPv6
IPv6
IPv6
IPv6
8-6 Acct-Terminate-Cause
User Request 1
Web
Idle Timeout 4
Session Timeout 5
Admin Reset 6
clear web-authentication auth-state
Port-Preempted 13 ,
web-authentication user
replacement
Service Unavailable 15
Port Reinitialized 21 MAC
VLAN Disable

switchport mode
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8.6

8-17

IS—Xwt—=5 (xn)

8-7

User ID or password is wrong. 11 ID
Please enter correct user ID and 12 ID 128
assword.
P 13
14 ID Web DB
15 Web DB
16 GET "QUERY_STRING" 21
256
17 POST " CONTENT_LENGTH" 21
340
18 ID
20
22
RADIUS: Authentication reject. 31 RADIUS
RADIUS: No authentication response. 32 RADIUS
RADIUS
You cannot login by this machine. 33 RADIUS VLAN Web
VLAN
VLAN
34 RADIUS
RADIUS
35 VLAN

VLAN
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36 VLAN
VLAN  suspend
VLAN
41 Web
VLAN
VLAN
42 Web DB VLAN ID Web
VLAN
VLAN
44 IEEE802.1X MAC
mac-address MAC MAC VLAN
45
VLAN
VLAN
46 VLAN  suspend
VLAN
47 Web
76 MAC MAC
VLAN
VLAN
77 MAC MAC
VLAN  suspend
VLAN
83 MAC
90
Web
92 Web
Sorry, you cannot login just now. 37 RADIUS 256
Please try again after a while.
43 Web MAC IEEE802.1X
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48
51 IP MAC
52 Web Web
53 Web
(Web Web
)
54 Web
(Web Web
)
85
91
The system error occurred. 61 Web
Please contact the system administrator. (POST " CONTENT_LENGTH"
)
62 Web
(POST/GET " & 2
)
63 Web
(Web IP
)
64 RADIUS Accounting
( )
A fatal error occurred. 65 Web
Please inform the system administrator. ( 256 RADIUS
)
72 MAC VLAN MAC
73 MAC VLAN MAC
74 MAC MAC
75 MAC MAC
Sorry, you cannot logout just now. 81 IP MAC
Please try again after a while.
The client PC is not authenticated. 82

o Ix 2x ID
e 3x 83 90 RADIUS
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4x
51
52

6Xx
80
92

Web Web
IP
54 85 91
restart web-authentication ~ Web
X restart web-authentication ~ Web
82
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8.7 Web

8.7.1 Web

Web Web
Web

Web

Web

Web

Web

2 set web-authentication html-files

Web

8-8 Web

Web

Web Web

Web

Web

Web
set web-authentication html-files

Web

Web

Web

Web

Web

Web
Web

web-authentication html-fileset

Web

Web
Web

Web
Web

8.7.2 Web
Web

gif

HTML

Web
8-7

Web
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9.2 Web
Web show web-authentication
html-files  Web
o \Web Ctrl o
e telnet Web telnet
Web Web
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8 Web

8.8 web

(1)

52 2

(2)

MAC
Web MAC

HUB LAN
PC

8-18

FEE Web DA E{F)

(4) DHCP P
IP DHCP DHCP IP

DHCP 10
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8.9.1 HTTPS
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SSL
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8 Web

8.9.2
ssL

8-9 SSL

SSL/TLS TLS 1.0

TLS11

TLS1.2

TLS_ECDHE_RSA WITH_AES_256_GCM_SHA384

TLS_ECDHE_ECDSA_WITH_AES_128_GCM_SHA256

TLS_ECDHE_RSA WITH_AES_128 GCM_SHA256

TLS_ECDHE_ECDSA WITH_AES_256_GCM_SHA384

TLS_RSA_WITH_AES_256_GCM_SHA384

TLS_RSA_WITH_AES_128 GCM_SHA256

TLS_RSA_WITH_AES_256_CBC_SHA

TLS_RSA_WITH_AES_128 CBC_SHA

TLS_RSA WITH_3DES EDE_CBC_SHA

TLS_RSA WITH_RC4 128 SHA

RSA 2048 4096 ECDSA 256

SHA-256 SHA-384 SHA-512 SHA-1

(¢] X

RSA 2048 SHA-256

8.9.3
HTTPS SSL
1. PC
2. MC sftp  scp
3.
4. Web
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9 Web

Web Web VLAN
Web
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9 Web

9.1

9.1.1
Web

aaa accounting web-authentication default
start-stop group radius

aaa authentication web-authentication
default group radius

RADIUS

web-authentication auto-logout

MAC

web-authentication html-fileset

Web

web-authentication ip address

VLAN VLAN

Web

web-authentication jump-url

URL

web-authentication logging enable

Web syslog
E-Mail

web-authentication logout ping tos-
windows

ping TOS

web-authentication logout ping ttl

ping TTL

web-authentication logout polling count

web-authentication logout polling enable

web-authentication logout polling interval

(ARP)

web-authentication logout polling retry-
interval

web-authentication max-timer

Web

web-authentication max-user

Web VLAN

web-authentication port

VLAN VLAN

web-authentication radius-server host

Web RADIUS IP

web-authentication redirect enable

URL

web-authentication redirect-mode

URL
http https

web-authentication ssl connection-timeout

SSL

web-authentication static-vlan max-user

VLAN

web-authentication system-auth-control

Web

web-authentication user replacement

web-authentication web-port

Web
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9 Web

Web

9-2

set web-authentication user

Web

set web-authentication passwd

set web-authentication vlan

VLAN ID

remove web-authentication user

ID

commit web-authentication

Web

DB

store web-authentication

Web

DB

load web-authentication

Web

DB

show web-authentication user

Web

DB

clear web-authentication auth-state

show web-authentication login

show web-authentication

Web

show web-authentication statistics

Web

clear web-authentication statistics

show web-authentication logging

Web

clear web-authentication logging

Web

set web-authentication html-files

Web

clear web-authentication html-files

Web

show web-authentication html-files

Web

clear web-authentication dead-interval-timer

dead interval
1

2
RADIUS

RADIUS

set web-authentication ssl-crt

SSL

clear web-authentication ssl-crt

SSL

show web-authentication ssl-crt

SSL

restart web-authentication

Web

dump protocols web-authentication

Web

9.1.2
1)

VLAN
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9 Web

9-1 VLAN

= s 8BDHCP+— <
| 10.0.0.100

- il | ol MNebBEMAIPT K LR

1/0/4 10.10.10.1
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) 4

HUB

YLAN 10
192,168, 10 254,24 SHERDHCPH—sIZ & &

- - IPF K L-AEBE

PC1 FC2

Web

(config)# vlan 10
(config-vlan)# state active
(config-vlan)# exit

(config)# interface gigabitethernet 1/0/4
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# web-authentication port
(config-if)# exit
VLANID  Web

(config)# interface gigabitethernet 1/0/11
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# exit

L3

(b) VLAN P

Web VLAN IP
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9 Web

(©

(d)

(2)

1. (config)# interface vlan 10
(config-if)# ip address 192.168.10.254 255.255.255.0
(config-if)# exit
Web VLANID 10 IP

IPv4

1Pv4

1. (config)# ip access-list extended 100
(config-ext-nacl)# permit udp any any eq bootps
(config-ext-nacl)# permit udp any any eq domain
(config-ext-nacl)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# authentication ip access-group 100
(config-if)# authentication arp-relay
(config-if)# exit
DHCP DNS IPv4
ARP

Web

Web Web

1. (config)# web-authentication ip address 10.10.10.1

Web IP IPv4

2. (config)# web-authentication system-auth-control
Web

RADIUS

RADIUS
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9 Web

9-2 VLAN RADIUS

DNS 4 —/<
RIERIST 9 2R TES 10.0.0.1
Fy kD=2

= RADIUSH—sx

= 10.0.0. 200
.-. IEEEEEEE | —
LIZA ¥ .:nnnunn_' [ E S ERDHCPH— /%
| : | 10.0.0. 100
£ ™
—_— 1/om WebIZLEMAIPT LR
1/0/4 T 1010101
N -4
HUB ]
VLAN 1
192 168. 10. 254,24 .
HERDHCPH— Uz R &
- . IFF FL-ARRE
PC1 P2
(a)
Web
1. (config)# vlan 10
(config-vlan)# state active
(config-vlan)# exit
2. (config)# interface gigabitethernet 1/0/4
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# web-authentication port
(config-if)# exit
VLANID  Web
3. (config)# interface gigabitethernet 1/0/11
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# exit
L3
(b) VLAN IP

Web VLAN IP
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9 Web

1. (config)# interface vlan 10
(config-if)# ip address 192.168.10.254 255.255.255.0
(config-if)# exit
Web VLANID 10 IP

© IPv4

1Pv4

1. (config)# ip access-list extended 100
(config-ext-nacl)# permit udp any any eq bootps
(config-ext-nacl)# permit udp any any eq domain
(config-ext-nacl)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# authentication ip access-group 100
(config-if)# authentication arp-relay
(config-if)# exit
DHCP DNS IPv4
ARP

d) Web

Web Web

1. (config)# web-authentication ip address 10.10.10.1
Web IP IPv4

2. (config)# aaa authentication web-authentication default group radius
(config)# web-authentication radius-server host 10.0.0.200 key "webauth"

RADIUS IP RADIUS
3. (config)# web-authentication system-auth-control
Web
(3) RADIUS DHCP
RADIUS DHCP
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9 Web

9-3 VLAN RADIUS DHCP

RADIUSH—s1
10.0. 0. 200
1/0/11
FEE o—| WebIBIEHRAIPF KL X
10.10.10.1
! PAREDHCPH— %
D S 1/0/4
i ; VLAN 10
RSOSSN IO e 192 168, 10. 254,24
HIB
o FRDHCP 4 —sAZ kB
IPF FL-ARR
PC1 PC2
(a)
Web
1. (config)# interface gigabitethernet 1/0/4
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# web-authentication port
(config-if)# exit
VLANID  Web
2. (config)# interface gigabitethernet 1/0/11
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# exit
L3
(b) VLAN IP

Web VLAN IP

1. (config)# interface vlan 10
(config-if)# ip address 192.168.10.254 255.255.255.0
(config-if)# exit
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(©

Web VLANID10 IP

IPv4

1Pv4

(config)# ip access-list extended 100
(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.10.254 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-nacl)# permit udp any any eq domain
(config-ext-nach)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# authentication ip access-group 100
(config-if)# authentication arp-relay
(config-if)# exit
DHCP DHCP DNS
IPv4 ARP

(d) Web

9.1.3
(1)

Web Web

(config)# web-authentication ip address 10.10.10.1
Web IP IPv4

(config)# aaa authentication web-authentication default group radius
(config)# web-authentication radius-server host 10.0.0.200 key "webauth"
RADIUS IP RADIUS

(config)# web-authentication system-auth-control
Web

VLAN

DHCP DHCP
VLAN VLAN
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9-4 VLAN
M= F 2 EATES HILRIC PO €A TES
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192. 168, 10. 25424 192 168. 50 754,24
A uF
——— DHIPH—/SIZ & BIPF FLAKRE
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Web

(config-if)# switchport mode mac-vlan
(config-if)# switchport mac native vlan 10
(config-if)# web-authentication port

(config-if)# exit

MAC VLAN

(config)# interface gigabitethernet 1/0/4

Web

(config)# interface range gigabitethernet 1/0/9-10

(config-if-range)# switchport mode access
(config-if-range)# switchport access vlan 50
(config-if-range)# exit

(b) VLAN
VLAN

1. (config)# interface

IP
VLAN IP

vlan 10

(config-if)# ip address 192.168.10.254 255.255.255_0

(config-if)# exit
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(©

(config)# interface vlan 50
(config-if)# ip address 192.168.50.254 255.255.255.0
(config-if)# exit

VLAN VLAN IP

IPv4

1Pv4

(config)# ip access-list extended 100
(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.10.254 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-naclh)# permit ip host 192.168.10.0 host 192.168.10.1
(config-ext-nach)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# authentication ip access-group 100
(config-if)# authentication arp-relay
(config-if)# exit
DHCP DHCP VLAN10
IP 192.168.10.1 IPv4
ARP

(d) VLAN

1.

VLAN VLAN

(config)# ip access-list extended 110

(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.10.254 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-nacl)# permit ip 192.168.10.0 0.0.0.255 192.168.10.0 0.0.0.255
(config-ext-nacl)# deny ip any any

(config-ext-nacl)# exit

(config)# interface vlan 10

(config-if)# ip access-group 110 in

(config-if)# exit

(config)# ip access-list extended 150
(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.50.100 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-nacl)# permit udp host 192.168.50.100 any eq bootpc
(config-ext-nach)# permit ip 192.168.50.0 0.0.0.255 192.168.50.0 0.0.0.255
(config-ext-nacl)# deny ip any any
(config-ext-nacl)# exit
(config)# interface vlan 50
(config-if)# ip access-group 150 in
(config-if)# exit

VLAN VLAN
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(e) Web

Web Web

1. (config)# web-authentication ip address 10.10.10.1

Web IP IPv4
2. (config)# web-authentication system-auth-control
Web
(2) RADIUS
RADIUS IP
DHCP DHCP
VLAN VLAN
9-5 VLAN RADIUS
BIEWI~F 7 EATED BI#IZ7 I EATES
Ty RI—2 v k=%
FLEEDHCP H—s 1
RADIUSH—,1 (FEREH:VLANAR)
VLAN 1000 192. 168. 10. 200 192. 168. 50. 100 VLA S0

T+ —F A
F2+NLES—Foz A 11;2 :rﬁﬁmbl- v

192. 168. 10.1 [EEEEE: = ; [IEEEEEEEEi]

-

Fam 1/0/10
| PIRDHCP 4 — S 1 — 72t AR—F
—

VLAN 10 ——— T “WLAN 50
(SERERTVLAN) (PAE i VLAN)

192 168. 10. 254/24 192 168. 50. 254,24

AA9F
DHCPH— 2 L SIPF F L-ARRE
@
Web

1. (config)# interface gigabitethernet 1/0/4
(config-if)# switchport mode mac-vlan
(config-if)# switchport mac native vlan 10
(config-if)# web-authentication port
(config-if)# exit
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MAC VLAN  Web

2. (config)# interface range gigabitethernet 1/0/9-10
(config-if-range)# switchport mode access
(config-if-range)# switchport access vlan 50
(config-if-range)# exit

(b) VLAN P

VLAN VLAN IP

1. (config)# interface vlan 10
(config-if)# ip address 192.168.10.254 255.255.255.0
(config-if)# exit
(config)# interface vlan 50
(config-if)# ip address 192.168.50.254 255.255.255.0
(config-if)# exit
VLAN VLAN IP

© IPv4

1Pv4

1. (config)# ip access-list extended 100
(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.10.254 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-nach)# permit ip host 192.168.10.0 host 192.168.10.1
(config-ext-nach)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# authentication ip access-group 100
(config-if)# authentication arp-relay
(config-if)# exit

DHCP DHCP VLAN 10
IP 192.168.10.1 IPv4
ARP
(d) VLAN
VLAN VLAN

1. (config)# ip access-list extended 110
(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.10.254 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-nacl)# permit ip 192.168.10.0 0.0.0.255 192.168.10.0 0.0.0.255
(config-ext-nacl)# deny ip any any
(config-ext-nacl)# exit
(config)# interface vlan 10
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(e)

3)

(config-if)# ip access-group 110 in
(config-iP# exit

2. (config)# ip access-list extended 150

(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.50.100 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-nacl)# permit udp host 192.168.50.100 any eq bootpc
(config-ext-nacl)# permit ip 192.168.50.0 0.0.0.255 192.168.50.0 0.0.0.255
(config-ext-nacl)# deny ip any any
(config-ext-nach)# exit
(config)# interface vlan 50
(config-if)# ip access-group 150 in
(config-if)# exit

VLAN VLAN

Web

Web Web

1. (config)# web-authentication ip address 10.10.10.1
Web IP IPv4

2. (config)# aaa authentication web-authentication default group radius
(config)# web-authentication radius-server host 192.168.10.200 key "webauth™

RADIUS IP RADIUS
3. (config)# web-authentication system-auth-control
Web
RADIUS DHCP
RADIUS IP DHCP

VLAN VLAN
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9-6 VLAN RADIUS DHCP

BIE#I-T 72 TES
T RI—2

FHERDHCP & —o % FHEIDHGP £ — %
RADIUSH—s3  (ERREWTVLANAR) (REREHVLANA)

BEMI-F7+ATES
o b O=2

YLAN 100 192, 168, 10. 200 192, 168.10.100 192, 168, 50. 100 |VLAN 500

A R il P
192, 168.10.1

@)

FAXI T —bkoz o
192. 168. 50. 1

IIIIIE

I_:Iﬂll r

FEE

17041 1/0/2 1/0/3 If%fg 1.-"?"10

FatAk—t

VLAN 10 VLAN 50
(EERERTVLAN) = (EEREERVLAN)
192, 168. 10. 254,24 Eis 192, 168. 50. 254,24

FHEMDHCPH —s iz L &
IPF FL-AIEE
PG pPLa

Web

(config)# interface gigabitethernet 1/0/4
(config-if)# switchport mode mac-vlan
(config-if)# switchport mac native vlan 10
(config-if)# web-authentication port
(config-if)# exit

MAC VLAN  Web
(config)# interface range gigabitethernet 1/0/9-10
(config-if-range)# switchport mode access
(config-if-range)# switchport access vlan 50
(config-if-range)# exit

(b) VLAN P

1.

VLAN VLAN IP

(config)# interface vlan 10
(config-if)# ip address 192.168.10.254 255.255.255.0
(config-if)# exit
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(config)# interface vlan 50
(config-if)# ip address 192.168.50.254 255.255.255.0
(config-if)# exit

VLAN VLAN IP

IPv4

1Pv4

(config)# ip access-list extended 100
(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.10.100 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-naclh)# permit ip host 192.168.10.0 host 192.168.10.1
(config-ext-nach)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# authentication ip access-group 100
(config-if)# authentication arp-relay
(config-if)# exit
DHCP DHCP VLAN 10
IP 192.168.10.1 IPv4
ARP

(d) VLAN

1.

VLAN VLAN

(config)# ip access-list extended 110

(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.10.254 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-nacl)# permit udp host 192.168.10.100 any eq bootpc
(config-ext-nach)# permit ip 192.168.10.0 0.0.0.255 192.168.10.0 0.0.0.255
(config-ext-nacl)# deny ip any any

(config-ext-nacl)# exit

(config)# interface vlan 10

(config-if)# ip access-group 110 in

(config-if)# exit

(config)# ip access-list extended 150
(config-ext-nacl)# permit udp host 0.0.0.0 host 192.168.50.100 eq bootps
(config-ext-nacl)# permit udp host 0.0.0.0 host 255.255.255.255 eq bootps
(config-ext-nacl)# permit udp host 192.168.50.100 any eq bootpc
(config-ext-nacl)# permit ip 192.168.50.0 0.0.0.255 192.168.50.0 0.0.0.255
(config-ext-nacl)# deny ip any any
(config-ext-nach)# exit
(config)# interface vlan 50
(config-if)# ip access-group 150 in
(config-if)# exit

VLAN VLAN
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(e) Web

Web Web

1. (config)# web-authentication ip address 10.10.10.1
Web IP IPv4

2. (config)# aaa authentication web-authentication default group radius
(config)# web-authentication radius-server host 192.168.10.200 key "webauth"

RADIUS IP RADIUS
3. (config)# web-authentication system-auth-control
Web
9.1.4 Web
Web
1)
1. (config)# web-authentication max-timer 60
60
2) VLAN
Web VLAN
1. (config)# web-authentication static-vlan max-user 100
Web VLAN 100
(3) VLAN
Web VLAN
1. (config)# web-authentication max-user 5
Web 5
(4) RADIUS
RADIUS RADIUS

1. (config)# aaa authentication web-authentication default group radius
RADIUS
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RADIUS

X

(5)

Web

web-authentication radius-server host
60 RADIUS

1. (config)# aaa accounting web-authentication default start-stop group radius

RADIUS

(6) Web

Web

VLAN VLAN

1. (config)# web-authentication ip address 10.10.10.1

Web

Web
Web

(7) Web
VLAN

Web

10.10.10.1
restart web-authentication web-server
FQDN VLAN
FQDN

1. (config)# web-authentication ip address 10.10.10.1 fqdn host.example.com

Web

Web
Web

(8) URL

Web

10.10.10.1 FQDN host.example.com

restart web-authentication web-server

VLAN VLAN

1. (config)# no web-authentication redirect enable

Web

Web
Web

restart web-authentication web-server

170



9 Web

(9) URL VLAN
VLAN

Web URL

1. (config)# web-authentication redirect-mode https

Web URL https
Web restart web-authentication web-server
Web
(10) VLAN

1. (config)# web-authentication logout polling enable

2. (config)# web-authentication logout polling interval 300
300

3. (config)# web-authentication logout polling retry-interval 10
10

4. (config)# web-authentication logout polling count 5
5

(11) VLAN

1. (config)# no web-authentication logout polling enable

(12) Web

Web Web http=80
https=443 49152 Web
Web
49152

1. (config)# web-authentication web-port http 8080
Web http 80 8080

2. (config)# web-authentication web-port https 8443
Web https 443 8443

171



9 Web

Web restart web-authentication web-server
Web

(13) URL

URL

1. (config)# web-authentication jump-url "http://www.example.com/"
http://www.example.com/

(14)

1. (config)# web-authentication user replacement

9.1.5
Web

(1) VLAN
VLAN

1. (config)# vlan 10
(config-vlan)# state active
(config-vlan)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# web-authentication port
(config-if)# exit
(config)# interface gigabitethernet 1/0/10
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# exit

VLAN VLAN ID 10 1/0/4
1/0/10

) VLAN
VLAN
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1. (config)# vlan 50 mac-based
(config-vlan)# state active
(config-vlan)# exit
(config)# interface gigabitethernet 1/0/10
(config-if)# switchport mode access
(config-if)# switchport access vlan 50
(config-if)# exit
MAC VLAN ID 50 1/0/10

9.1.6 Web DB

(1)

(2)

@)

(b)

(©

3)

Web
Web DB

set web-authentication user ID
USER01 USER0O5 5

set web-authentication user USERO1 PAS0101 100
set web-authentication user USERO2 PAS0200 100
set web-authentication user USERO3 PAS0300 100
set web-authentication user USERO4 PAS0320 100
set web-authentication user USERO5 PAS0400 100

H O H OB

VLAN ID

# set web-authentication passwd USERO1 PAS0101 PPP4321

ID USERO1 PAS0101 PPP4321
# set web-authentication passwd USER02 PAS0200 BBB1234

ID USERO02 PAS0200 BBB1234

VLAN ID

# set web-authentication vlan BBB1234 200
ID BBB1234 VLANID 200

# remove web-authentication user PPP4321

ID PPPP4321

Web DB

set web-authentication remove web-authentication
Web DB
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# commit web-authentication

9.1.7 Web DB
Web DB
(1) Web DB
Web DB store web-authentication backupfile
# store web-authentication backupfile
Backup web-authentication user data. Are you sure? (y/n): vy
#
2) Web DB
backupfile load web-authentication Web DB

# load web-authentication backupfile
Restore web-authentication user data.

#
9.1.8 Web
Web
1 Web
2
3. 2.
4. set web-authentication html-files

9-7 Web
# mkdir docs

# set web-authentication html-files docs

Are you sure? (y/n):y

PC
Web
MC
Web
<-1

Would you wish to install new html-files ? (y/n):y

executing. ..

Install complete.

#

1. docs
9.1.9 Web

set web-authentication html-files

9-8 Web
# clear web-authentication html-files

Web clear web-authentication html-files

Would you wish to clear registered html-files and initialize? (y/n):y
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Clear complete.

#
9.1.10 dead interval RADIUS 1 RADIUS
1 RADIUS dead interval 2 RADIUS
authentication radius-server dead-interval
RADIUS clear web-authentication dead-

interval-timer

99 1 RADIUS

# clear web-authentication dead-interval-timer
#
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9 Web

9.2 web

Web
° login.html
° logout.html
° loginOK.html
° loginNG.html
° logoutOK.html
° logoutNG.html
Web HTML
HTML JavaScript
perl CGl
Web
9.2.1 login.html 9.2.2
logout.html
8-7
9.2.3
webauth.msg
° webauth.msg
Web
e \Web favicon.ico
9.2.1 login.html
Web ID
1)
HTML
9-3

<form name="Login" method="post" action="/cgi- Web

bin/Login.cgi"></form>

<input type="text" name="uid" size="40" maxlength="32" ID size

autocomplete="OFF" /> maxlength

<form></form>
maxlength 6
<input type="password" name="pwd" size="40" size
maxlength="32" autocomplete="OFF" /> maxlength
<form></form>
maxlength 6
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9 Web

<input type="submit" value="Login" /> Web

<form></form>

login.html

<img src="/image_file.gif" >
(2)
login.html

9-10 login.html

<Tyml vergion="1.0" encoding="utf-3"7>

<IDOCTYPE himl PUBLIC “-//W3C//DTD XHTML 1.0 Strict//EN"
“htto:/ Swww. wd. org/ TR xhtml 1,070/ chtml 1-strict. dtd™>

<himl wmins="http:/ waw_w3. org/ 1989,/ xhtm|™ xml: lang="en" lang="en" >

<head’

<titler@nbep:{/titler

< /head>

<beody>

1-— ===== Body ===== -}

<center>

<br />

Ctable width="100%">

<trotd align="center” bgcolor="#Zb18§72">

<font color="#f f {Ff »<b>LOGING b,/ font >

et/ tab e

<br S

Flease enter your 10 and password. <br />

<br /2

“itahlesitrs
crdduser 1D</td> I:‘I’?'-'I' Jﬂ#&ﬂebﬁ.n[[f }ETT%LM@EE

<t

</td> A—HFIMEE O HMEEE
L Tl {

<tdrpassword</td>

<td>

- <input type="password” name="pwd” size="40" maxlength="31}" i
' autocomplete="0FF" /> !
L T e
</table>
<br_ />
| <input type= submit” value= Login® /7>

WebfEEFIZ O 5 + »BR &7 3 MR

</form>

<br Sx<br S<br Sxbr Sxkbr S S
</center>

il-= ===== Footer ===== --»

<hr

</body>

</html
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9 Web

3)
9-11
L toew |
e [0 |
e |
RAEw
9.2.2 logout.html
Web
1)
HTML
9-4
<form name="Logout" method="post" action="/cgi- Web
bin/Logout.cgi"></form>
<input type="submit" value="Logout" /> Web
<form></form>
logout.html
<img src="/image_file.gif" >
(2)

logout.html
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9-12 logout.html

<Tml version="1.0" encoding="utf-8"7»
<IDOCTYPE html PUBLIC ™=/ /W3C//DTD XHTML 1.0 Strict//EN”
“hittp:/Swew. w3, org/ TR, shtml 1,070, shtml 1-gtr ict. dtd™>
<html xmlns="http://www wd org/ 1999 xhtml™ xml:lang="en" lang="en >
<head>
<titler&nbsp.<{/title>
</head>
<hody>» )
{l=n s Ry mm————% B4 T2 REEENLEIIZERT & - haEsit
<center>

<table width="100%">

<tredtd align="center” bgcolor="42b1872">
<font color="gfff " ><bsLOGOUT< b/ font>
<Stded e/ tabl e

<br
Flease push the following button. <br />
B -
1_Sinput type="submit” value= Logout' /[» e emeh
</ form>
<hr Srcbr Sebr Sede Sbr Sebr S
</centar>
£1== ===== Footer ===== --7 VebiBEICOS T 7 FER FTIHOE
<hr
</body:
</html >
(3)
9-13
. ____ togor |
Phate puah the followeng bunton
_Logeea |
9.2.3 webauth.msg
webauth.msg Web Web
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9-5
1 ID Web
“ User ID or password is wrong.<BR>Please enter correct user 1D and password.”
2 Radius
“ RADIUS: Authentication reject.”
3 Radius Radius
“ RADIUS: No authentication response.”
4
“ You cannot login by this machine.”
5
“ Sorry, you cannot login just now.<BR>Please try again after a while.”
6
“ The system error occurred.<br>Please contact the system administrator.”
7
“ A fatal error occurred.<BR>Please inform the system administrator.”
8 CPU
“ Sorry, you cannot logout just now.<BR>Please try again after a while.”
9
“ The client PC is not authenticated.”
1)
[ ]
° " CR+LF” " LF”
o 1 512 256
html " <BR>" 512
° 10 10
2)
° HTML

HTML
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HTML " <BR>"
3)

webauth.msg

9-14 webauth.msg

A—HIDREZAZT—FMFRETY

NAD—FEMFETT

B —rp B oh ) EFABR AT LEEFICHLESHRET(EEL,
DATLOBRECRYASRYET B LATLEERIZBLELET{EZL,
LATFLHERE (minor) BROLESLTHhEEBEDT S »ELT (ALY,
LATLEERSE (major) O LATLEEREECMLAESHET{FEL.
LATLERE (critical) BRATFLERBICRELEHET{EEL,
LATLAEAMEE TSI ER LIS LThendFoRLT{IEELY,
O wLTLERA

(4)

9-15

I—HPREAIF— KHFFTT (1N

| S

9.2.4 Web

Web HTML Web

Web

9-6

<!I-- Login_Time --> 1
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9 Web

<!I-- Logout_Time -->

2 o

<I-- After_Vlan -->

VLANID 3 o

<!-- Error_Message -->

<!-- Redirect_URL -->

<I-- Session_Code -->

(¢]

9.25
Web

(1)

VLAN ID

URL
9.25

loginOK.html logoutOK.html  loginNG.html  logoutNG.html

loginOK.html
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9-16 loginOK.html

<Tum| version="1.0" encoding="utf-3"7>

<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Strist//EN”
“http:/Swew, w3 org/ TR xhtml 1,070, chtml 1-gtr ict. dtd™>

<html omins="http:/ waw_w3. org 1999,/ xhtml™ xml: lang="en" lang="en">

<head’

<titlerdnbep:</titler

</head>

<hody oncontextmenu=¥"return false ¥
lem ===== Body === —>

<center>

Login success

<br SHbr /2
<Tahle Border="0">
Te>

<Td Align="left™ >
Login Time

</ Td

<Td Align="left™»
< Td

<Td Align="left > . P
aofi— Lopin Tima —siby D7 AVHARRS S

<Td Align="left™>
Logout Time

T

<Td Align="left™>

</ Td»

<Td Align="left™> _
¥ Logout. 1198 3T AT PEHERSY

</ Td>
& Trr
P —————— FHANROY v TRIRLS S

<||>1L\i | — Resdirect LRI ——:‘J{_.'l]}
<br Srbe ST

<forms

<input type="button” value="close” onClick="window. close ()" /»
</form>

<br Jalbr S

</center>

<br Jacbr 3

$l— ===== Fooler ==—=== -->

<hr

</body>

<Shtml>

loginOK.html "
/,,
<img src="/image_file.gif" >
VLAN VLAN

loginOK .html
loginOK.html
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(2)

9-17
Login Sattaas
Leign Time ——20300/01 /11 1005328 UTG
Lima Time — 2000001500 110328 UTC
|
logoutOK.html
9-18 logoutOK.html

<7xm| wversion="1,0" encoding="utf-8"7>

<IDOCTYPE html PURLIC -/ M3G//MTD XHTML 1.0 Strict//EN”
“http:/Swew, wd. ore/ TR, chiml 1,070, chtml 1-gtr i ot dtd™>

chtml smins="http:/ waw_ w3, org/ 1999,/ xhtm|™ xml - lang="en” lang="en >

<head’>

<titlerfnbsp:</title>

</head>

<body oncontextmenu=¥"return false ¥">
¢l ===== Body ==== -

<center»

Logout success

<br Jabr S

Logout Time --- <b>k!-- Logout Time -=>{/b>
<br Sxbr f2<br /3

<form:

<input type="button” value="close” onGlick="window. close{}” />
</form>

<br Sxbr S

</conters

BF 7 FEEETR T

<hr»
</body>
</html s

logoutOK.html
/H

<img src="/image_file.gif" >
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3)

9-19
Logout aucoesn
Lot T — DO 18 0520098 LUTC
]
/ loginNG.html / logoutNG.html
9-20 loginNG.html / logoutNG.html

<7xml version="1.0" encoding="utf-877>

<IDOCTYPE html PURLIC -/ M3G//MTD XHTML 1.0 Strict//EN”
“http:/Swew, wd. ore/ TR chiml 1,070, chtml 1-gtr i ot dtd™>

<html smins="http:/ waw_ w3, org/ 1999,/ xhtm|”™ xml - lang="en” lang="en >

<head’>

<titlerfnbsp:</title>

</head>

<body oncontextmenu=¥"return false ¥">

¢l ===== Body === ==

<center IS Auk—LURESYT
<br>

<form>

<input type="button” value="back”™ onClick="history. back ()" />
<input type="button” value="close” onClick="window close ()" />
</form>

<hr [/

</conter:

¢l== ==== Footer === -3
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9 Web

9.3 ssL

9.3.1

SSL openssl openssl

e UNIX OS
e Windows OS cygwin

openssl openssl 1.0.2
openssl openssl

9.3.2

openssl

9-7 openssl

(O8]

pass phrase for server.key

Country Name

State or Province Name

Locality Name

Organization Name

Organizational Unit Name

Common Name FQDN IP

Email Address

challenge password

optional company name

SSL openssl

° server.key

° server.pem

. server.crt

° serverinstall.key

openssl unix#
1)
rand.dat
(2) SSL
2048 server.key
9-22

unix# openssl genrsa -out server.key -aes256 -rand rand.dat 2048
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9 Web

3)

241 semi-random bytes loaded
Generating RSA private key, 2048 bit long modulus

.................................................................. ++H+
_____________ +++
e is 65537 (0x10001)
Enter pass phrase for server._key: ******x <-1
Verifying - Enter pass phrase for server.key: *****xx* <=2
1
2
SHA256 server.key server.pem
CA CA
9-23
unix# openssl req -new -sha256 -key server.key -out server.pem
Enter pass phrase for server_key: *****xx <-1

You are about to be asked to enter information that will be incorporated
into your certificate request.

What you are about to enter is what is called a Distinguished Name or a DN.

There are quite a few fields but you can leave some blank
For some fields there will be a default value,
If you enter ".", the field will be left blank.

Country Name (2 letter code) [AU]:JP <=2
State or Province Name (full name) [Some-State]:TOKYO <-3

Locality Name (eg, city) []:MINATOKU <-4
Organization Name (eg, company) [Internet Widgits Pty Ltd]:NEC <-5

Organizational Unit Name (eg, section) []:1P8800 <-6
Common Name (e.g. server FQDN or YOUR name) []:www.example.com <-7
Email Address []:admin@example.com <-8

Please enter the following "extra® attributes
to be sent with your certificate request

A challenge password []: <-9
An optional company name []: <-9
1

2

3

4

5

6

7. FODN P

8.
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9 Web

(4)

(5)

-days 365 server.crt

9-24
unix# openssl x509 -in server.pem -out server.crt -req -signkey server._key -days 365
Signature ok
subject=/C=JP/ST=TOKYO/L=MINATOKU/0=NEC/0U=1P8800/CN=www .example.com/emai lAddress=admin@example
.com
Getting Private key
Enter pass phrase for server._key: ******x <-1

1.

serverinstall.key

9-25
unix# openssl rsa -in server.key -out serverinstall.key
Enter pass phrase for server.key: ******* <-1

writing RSA key

1.
9.3.3
set web-authentication ssl-crt
CA
(1)
MC sftp  scp
CA
2) CA
CA CA CA
root.crt  next.crt
ca.crt
9-26 CA

3)

# cp root.crt ca.crt
# cat next.crt >> ca.crt
#

server.crt
serverinstall.key CA ca.crt
CA

set web-authentication ssl-crt
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9 Web

9-27
# set web-authentication ssl-crt
Set path to the key: serverinstall.key <-1
Set path to the certificate: server.crt <=2
Set path to the intermediate CA certificate: ca.crt <-3
Would you wish to install SSL key and certificate? (y/n):y <-4

Install complete.
Please restart web-authentication daemon or web-server daemon.

#
1
2.
3 CA CA Enter
4 y
CA
CA
HTTPS
CA
(4)
show web-authentication ssl-crt CA
9-28
# show web-authentication ssl-crt
Date 20XX/04/15 10:07:04 UTC
DATE
SSL key 1 20XX/03/30 14:05
SSL certificate : 20XX/03/30 14:05
SSL intermediate cert: 20XX/03/30 14:05
(5) Web
restart web-authentication web-server Web
9-29 Web
# restart web-authentication web-server
(6) Web
ps Web httpd
9-30 Web
# ps -auwx |grep httpd
root 471 0.0 0.1 212 672 ?? S 6:19PM 0:00.52 /usr/local/sbin/httpd -DS_WA -

DSSL -DWA_SSL
operator 11070 0.0 0.1 164 556 00 S+ 6:20PM 0:00.01 sh -c ps -auwx | grep httpd
operator 11421 0.0 0.0 32 36 00 R+ 6:20PM 0:00.00 grep httpd
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9 Web

934

clear web-authentication ssl-crt CA

(1)
clear web-authentication ssl-crt
CA
9-31
# clear web-authentication ssl-crt
Would you wish to clear SSL key and certificate? (y/n):y <-1

Please restart web-authentication daemon or web-server daemon.
#

1y CA

(2)

show web-authentication ssl-crt CA

9-32
# show web-authentication ssl-crt
Date 20XX/04/15 10:07:04 UTC
DATE
SSL key : default now
SSL certificate : default now
SSL intermediate cert: -

(3) Web
restart web-authentication web-server Web

9-33 Web
# restart web-authentication web-server

(4) Web
ps Web httpd

9-34 Web
# ps -auwx | grep httpd
root 471 0.0 0.1 212 672 ?? S 6:19PM 0:00.52 /usr/local/sbin/httpd -DS_WA -
DSSL -DWA_SSL
operator 11070 0.0 0.1 164 556 00 S+ 6:20PM 0:00.01 sh -c ps -auwx | grep httpd
operator 11421 0.0 0.0 32 36 00 R+ 6:20PM 0:00.00 grep httpd
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10 MAC

10 we

MAC MAC VLAN
MAC
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10 MAC

10.1

ID
MAC 1D
DHCP snooping
DHCP MAC
MAC
1)
. VLAN
. VLAN
VLAN
VLAN
2)
VLAN
RADIUS
[ ]
MAC
e RADIUS

PC

MAC

MAC
DHCP snooping

MAC MAC
MAC MAC VLAN
VLAN
VLAN
DB MAC DB
RADIUS
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10 MAC

10.2

VLAN VLAN
RADIUS

10.2.1 VLAN

VLAN MAC
VLAN MAC MAC
VLAN
[ ]
o
Tagged Untagged
° Tagged VLAN Tag VLAN
° Untagged VLAN
10-1 Tagged Untagged
Tagged 7 L— LM &, BIEREIOEE.
VLAN Tag TR Ef=VIANIZEETEET,
EER | L2A A wF
! i it VLAN 10 -
| ! |
o | ="
) | I}
i ) -
| VLAN 20 E O ] t
\ ; A

*
A,
i
A
W
-
z

-
L]
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
Ll
1
1
’
-

i

i

i

5

ol T — -

Untagged 7 L-— LI &T, BIERETHEE,
T4 T TVANIZHETEET.

VLAN IPv4

(1)
MAC MAC
MAC DB MAC
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10 MAC

10-2 VLAN

<MACEBEEM A A 2 b >
EIE#IZMCT F LA 88

il OPeTE £, [EEE

A A A A A A ] S S A A A A s s s o o

802 1XFE = ZWeb AT

TR
MAC MAC VLAN ID
mac-authentication
vlan-check
MAC VLAN ID
10-1 VLAN VLAN ID
MAC DB VLANID
MAC VLAN ID MAC
MAC MAC
(2) RADIUS

RADIUS MAC MAC
RADIUS MAC
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10 MAC

10-3 VLAN

RADIUS

<MACEBEEM A A 2 | >

il OPeTE £, [EEE

802 1XFE = (ZWeb AT

o A S S S O O ] A A A O S s s o s o o

ERIEHIZMACT F LA 868 TR
RADIUS MAC MAC VLAN ID
mac-authentication
vlan-check
MAC VLAN ID
10-2 VLAN RADIUS VLAN ID
MAC VLAN ID
MAC
RADIUS mac-authentication
password mac-authentication password
MAC
10.2.2 VLAN
VLAN
MAC DB RADIUS VLAN ID MAC VLAN MAC
VLAN
¢ MACVLAN MAC
VLAN IPv4
(1)
MAC MAC
MAC DB MAC MAC
DB VLAN ID MACVLAN MAC
VLAN
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10 MAC

10-4 VLAN

EZEEHVLAN

<MACEBRE DA A 2 b =
ERREH (zMAC VLANEMACT K LA
F—FIAZMACT FL-Z 813

S EEEEEEEEEEEEEEEEETTEEEENNNNNEEEEEEEEEEEET

e

(2) RADIUS
RADIUS MAC MAC
RADIUS MAC RADIUS
VLAN ID MAC VLAN MAC VLAN
RADIUS mac-
authentication password mac-authentication password
MAC
10-5 VLAN RADIUS
1
X
X
RADIUS#—.< ]
4 E
<MACEBRED A 2 b > '
BRI IZMAC VLANEMACT F LA ;
F—FILIZMCT F LA E 88 E
EE“”L‘N :f :
T s ::
.
10.2.3 MAC dotlq
MAC dotlq 5.3 2
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10 MAC

10.3

10.3.1
MAC
1024
mac-authentication auth-interval-timer
1
10-6
EES FE® RADIUSH—.%
BED A b
™ BIEER
BIrEm
BEDSAr b
X
. BEE
EEDSATY b B R R
B
EED AT b
- BirE® -
fEnE S
FEEDNATru b -
BE HishE
IR
10.3.2
RADIUS
MAC
MAC
mac-authentication timeout reauth-period
RADIUS
clear mac-authentication auth-state
10.3.3
10-3

RADIUS

VLAN

VLAN
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10 MAC

VLAN

VLAN

VLAN

MAC

VLAN

(1)

mac-authentication max-timer

(2)

mac-authentication max-timer

clear mac-authentication auth-state  MAC
MAC VLAN ID MAC

3)

(4)

MAC
VLAN ID

MAC

(5) VLAN

60 60

mac-authentication auto-logout 1
60

3 180

no mac-authentication auto-logout

VLAN
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10 MAC

e VLAN
e VLAN

(6)

suspend

VLAN VLAN  suspend

RADIUS

RADIUS

(7)

(8) MAC

(9)

VLAN

(10)

(11)
RADIUS

10.3.4

10.3.5

10.3.6

(1)

MAC

VLAN

VLAN ID

authentication auto-logout strayer
MAC

53

MAC

show mac-authentication logging
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VLAN

VLAN

switchport mac vlan

5.3 2

suspend
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10 MAC

10-4
MAC VLAN ID
o o o
o o ]
o o o
o
MAC 2100 2100
(2) RADIUS
aaa accounting mac-authentication RADIUS
[ J
MAC VLAN ID
[ J
MAC VLAN ID
10-7 RADIUS Accounting NAS-Identifier
(3) RADIUS
RADIUS RADIUS
RADIUS
RADIUS
(4) syslog
MAC syslog E-mail
MAC MAC
E-mail syslog PID
10-7 syslog
AR AT
- AR : TR
o g
'8 & - [BiE] . AT A/B W - i B MAC -
syelog~ad syslogfED E% B MACEHEE = At —iEI
wAhBTEEE PIDE T HR
EirsmEzrd
oA A -EER

mac-authentication logging enable

logging email-event-kind aut
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10 MAC

104.1 MAC DB
MAC MAC DB
MAC DB
(1) MAC DB
set mac-authentication mac-address MAC VLAN ID MAC DB
remove mac-authentication mac-address MAC
commit mac-authentication MAC
DB
commit mac-authentication MAC DB
MAC DB VLAN
e MAC VLAN ID VLAN ID
MAC
° MAC VLAN ID VLANID VLAN
e VLANID 1 MAC VLAN VLAN ID
(2) MAC DB
store mac-authentication MAC DB
(3) MAC DB
load mac-authentication MAC
DB set mac-authentication mac-
address
10.4.2 RADIUS
MAC RADIUS MAC RADIUS
MAC RADIUS
1) ID
MAC RADIUS ID MAC MAC 16
a f 12
VLAN RADIUS MAC VLAN ID
MAC VLAN ID ID
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10 MAC

(2)

3)

(4)

10-8 MAC

a—+F DA |

+VLAN ID

NACTF FLLR EQUxFH VLAN ID

il MACT L2 AN0002. 2212, 0001,
VLAN 1044100, EY ZFEFIE GVLAN
ELEHE, 2—+FINtRoi iy ET.,

001262120001 %VLANTOD

ey Ty Y
MACF FL-Z VLAN 1D
E Y =5
° ID MAC MAC
° 1D
VLAN
VLAN VLAN
1. Tunnel-Type Virtual LANs VLAN 13
2. Tunnel-Medium-Type 6
3. Tunnel-Private-Group-ID  VLAN ID
[
VLANID 2048 2048
° " VLAN" VLAN ID
VLANID 2048 VLAN2048
o name VLAN
MAC RADIUS
PAP MAC RADIUS
RADIUS RADIUS
10-5 MAC 1 Access-Request
Type
User-Name 1 MAC 10-8 MAC +VLAN ID
User-Password 2 MAC
NAS-IP-Address 4 IP
IP
RADIUS IP
NAS-Port 5 IfIndex
Service-Type 6 Framed(2)
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10 MAC

Type
Called-Station-Id 30 MAC
MAC ASCIl ™"
Calling-Station-Id 31 MAC ASCIl “ -7
00-12-e2-01-23-45
NAS-Identifier 32 VLAN VLAN ID
VLAN ID 100 100
VLAN
hostname
NAS-Port-Type 61 Virtual(5)
Connect-Info 77
"CONNECT Ethernet"
"CONNECT Port-Channel"
NAS-Port-1d 87
"Port x/0/y"
"ChGr x"
Xy
NAS-IPv6-Address 95 IPv6
IPv6
RADIUS IPv6
10-6 MAC 2 Access-Accept
Type
Service-Type 6 Framed(2) MAC
Reply-Message 18
Tunnel-Type 64 VLAN
VLAN 13
VLAN
Tunnel-Medium-Type 65 VLAN
IEEE802.1X 6  Tunnel-Medium-Type
VLAN
Tunnel-Private-Group-Id 81 VLAN
VLAN “ VLANXxX"
xx  VLANID
1 0x00 Ox1f
Tag 2
VLAN 1
0x20 VLAN
name
VLAN VLAN
VLAN ID
VLAN
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10 MAC

10-7 RADIUS Accounting

Type
User-Name 1 MAC 10-8 MAC +VLAN ID
NAS-IP-Address 4 NAS IP
IP
IP
IP
NAS-Port 5 IfIndex
Service-Type 6 Framed(2)
Calling-Station-Id 31 MAC ASCIl “ ="
00-12-e2-01-23-45
NAS-Identifier 32 VLAN VLAN ID
VLAN ID 100 100
VLAN
hostname
Acct-Status-Type 40 Start(1) Stop(2)
Acct-Delay-Time 41
0
Acct-Input-Octets 42 Accounting 0)
Acct-Output-Octets 43 Accounting 0)
Acct-Session-1d 44 Accounting ID
Acct-Authentic 45 RADIUS Local
Acct-Session-Time 46
Acct-Input-Packets 47 Accounting 0)
Acct-Output-Packets 48 Accounting 0)
Acct-Terminate-Cause 49 Accounting
10-8 Acct-Terminate-Cause
NAS-Port-Type 61 Virtual(5)
NAS-Port-1d 87
"Port x/0/y"
"ChGr x"
Xy
NAS-IPv6-Address 95 NAS  IPv6
IPv6
IPv6
IPv6
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10 MAC

10-8 Acct-Terminate-Cause

User Request 1

Idle Timeout 4

Session Timeout 5

Admin Reset 6

clear mac-authentication auth-state

NAS Request 10

Service Unavailable 15

Reauthentication- 20

Failure

Port Reinitialized 21 MAC

VLAN

Disable

switchport mode
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10 MAC

10.5 maC
(1)

5.2
(2) MAC

MAC
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11 MAC

11 e

MAC MAC VLAN
MAC
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11 MAC

11.1

1111
MAC

11-1

aaa accounting mac-authentication default start-stop group | RADIUS Accounting
radius

aaa authentication mac-authentication default group radius | RADIUS

mac-authentication auth-interval-timer

mac-authentication auto-logout

mac-authentication dot1g-vlan force-authorized MAC switchport mac dotlq vlan
Tagged
mac-authentication dynamic-vlan max-user VLAN MAC
mac-authentication id-format RADIUS RADIUS
MAC
mac-authentication logging enable MAC syslog
E-Mail
mac-authentication login-failed-logging disable MAC

mac-authentication max-timer

mac-authentication password RADIUS

mac-authentication port MAC

mac-authentication radius-server host MAC RADIUS IP

mac-authentication static-vlan max-user VLAN MAC

mac-authentication system-auth-control MAC

mac-authentication timeout reauth-period RADIUS

mac-authentication vlan-check MAC VLAN ID

MAC

11-2

show mac-authentication login MAC MAC

show mac-authentication logging MAC

show mac-authentication MAC
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11 MAC

show mac-authentication statistics

clear mac-authentication auth-state mac-address

clear mac-authentication logging

clear mac-authentication statistics

set mac-authentication mac-address MAC DB MAC

remove mac-authentication MAC DB MAC

commit mac-authentication MAC DB

show mac-authentication mac-address MAC DB

store mac-authentication MAC DB

load mac-authentication MAC DB

clear mac-authentication dead-interval-timer dead interval 2 RADIUS
1 RADIUS

restart mac-authentication MAC

dump protocols mac-authentication MAC

11.1.2 VLAN

(1)

@)

VLAN
11-1 VLAN
BREIE -T2 EATES
1324 v | /EEEEEEET |
FERE | 1/0/11 :
! i
E 1/0/3 1/0/4 i
VN 1g— e | /
HUE
T
!
- - o
1 [}

MACEERE =) St 25
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11 MAC

MAC

1. (config)# interface gigabitethernet 1/0/3
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# mac-authentication port
(config-if)# exit

MAC

(b) MAC

MAC MAC

1. (config)# mac-authentication system-auth-control

MAC
(2) RADIUS
VLAN RADIUS
11-2 VLAN RADIUS
DIEEIZT m@
Fy k7—
< 7 RADIUS #— <
192, 16810, 200
L3 v+ | [EE5E5EE" | ﬁ
TRE E 1/0/11 1;0_.-"]1}5
: /0/3 1/0/4
N — | ] A
HUB
1EEES02. 1XF =12
. i Webi2AE T 24T
[sEEsE3E"
WACEEET &S POI PC2
(@
MAC

1. (config)# interface gigabitethernet 1/0/3
(config-if)# switchport mode access

211



11 MAC

(config-if)# switchport access vlan 10
(config-if)# mac-authentication port

(config-if)# exit
MAC
(b) MAC

MAC MAC

1. (config)# aaa authentication mac-authentication default group radius
(config)# mac-authentication radius-server host 192.168.10.200 key "macauth™

RADIUS IP RADIUS
2. (config)# mac-authentication system-auth-control
MAC
11.1.3 VLAN
1)
VLAN
11-3 VLAN
BIE&I=7T2ERTES
e S D V7 Y E
. , b
Pt B T 104
RN — = .
(VLAN 10)
T IEEES02. 1XEF-=IZ
& Webi2RE T I2AT
[aaazaEE”
MACEZEL =&t 58 PCI PFc2
(a)
MAC

1. (config)# interface range gigabitethernet 1/0/3-4
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11 MAC

(config-if-range)# switchport mode mac-vlan
(config-if-range)# switchport mac native vlan 10
(config-if-range)# mac-authentication port
(config-if-range)# exit

MAC

(b) MAC

MAC MAC

1. (config)# mac-authentication system-auth-control

MAC
(2) RADIUS
VLAN RADIUS
11-4 VLAN RADIUS
BM#I-T2EATES
oy bT—5
RADIUS+Hr—s%
192, 168, 10, 200

LIZA v F

E2REf#VLAN
£IIIIIIIIIIIIIIIIIIIIINT R (VLAN 20)
Fn b1/
_____________________ st S
EBREMIVLAN 2 o] .7
(VLAN 10}
T IEEERDZ. 1X&E f=1F
WebEDEE TEDEE
MACRERE ¥ ®te i PC1 Pc2
(a)
MAC

1. (config)# interface range gigabitethernet 1/0/3-4
(config-if-range)# switchport mode mac-vlan
(config-if-range)# switchport mac native vlan 10
(config-if-range)# mac-authentication port
(config-if-range)# exit
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11 MAC

MAC

() MAC

MAC MAC

1. (config)# aaa authentication mac-authentication default group radius
(config)# mac-authentication radius-server host 192.168.10.200 key "macauth™

RADIUS IP RADIUS
2. (config)# mac-authentication system-auth-control
MAC
11.1.4 MAC
MAC
1)
1. (config)# mac-authentication max-timer 60
60
(2) VLAN
VLAN MAC
1. (config)# mac-authentication static-vlan max-user 20
MAC VLAN MAC 20
(3) RADIUS
RADIUS RADIUS
1. (config)# aaa authentication mac-authentication default group radius
RADIUS
(4)

1. (config)# aaa accounting mac-authentication default start-stop group radius
RADIUS
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11 MAC

(5) VLAN ID

MAC VLAN ID

1. (config)# mac-authentication vlan-check key "@@VLAN"
VLAN ID
RADIUS MAC VLAN ID “ @@VLAN”
RADIUS

(6) RADIUS

RADIUS

1. (config)# mac-authentication password pakapaka

RADIUS " pakapaka”
(7)
1. (config)# mac-authentication auth-interval-timer 10
10
(8)
RADIUS
1. (config)# mac-authentication timeout reauth-period 7200
7200 mac-
authentication timeout reauth-period 0
(9) VLAN
VLAN MAC
1. (config)# mac-authentication dynamic-vlan max-user 20
MAC VLAN MAC 20
(10)
MAC
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11 MAC

11.1.5
MAC

(1)

(2)

(config)# no mac-authentication auto-logout
MAC

VLAN
VLAN

(config)# vlan 10
(config-vlan)# state active
(config-vlan)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# mac-authentication port
(config-if)# exit
(config)# interface gigabitethernet 1/0/10
(config-if)# switchport mode access
(config-if)# switchport access vlan 10
(config-if)# exit

VLAN VLAN ID 10

1/0/10

VLAN
VLAN

(config)# vlan 10
(config-vlan)# state active
(config-vlan)# exit
(config)# interface gigabitethernet 1/0/4
(config-if)# switchport mode mac-vlan
(config-if)# switchport mac vlan 20
(config-if)# switchport mac native vlan 10
(config-if)# mac-authentication port
(config-if)# exit
(config)# interface gigabitethernet 1/0/10
(config-if)# switchport mode access
(config-if)# switchport access vlan 20
(config-if)# exit

VLAN MAC VLAN ID 20
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11 MAC

1/0/10

(3) dotlqg MAC

dotlq MAC Tagged

1. (config)# interface gigabitethernet 1/0/20
(config-if)# switchport mode mac-vlan
(config-if)# switchport mac vlan 20
(config-if)# switchport mac native vlan 10
(config-if)# switchport mac dotlq vlan 100
(config-if)# mac-authentication port
(config-if)# mac-authentication dotlg-vlan force-authorized
(config-if)# exit
MAC 1/0/20 VLAN ID 100 Tagged

11.1.6 MAC DB
MAC
MAC DB
(1) MAC

set mac-authentication mac-address MAC MAC
MAC

# set mac-authentication mac-address 0012.e200.1234 100
# set mac-authentication mac-address 0012.e200.5678 100
# set mac-authentication mac-address 0012.e200.9abc 100
# set mac-authentication mac-address 0012.e200.def0 100
# set mac-authentication mac-address 0012.e200.0001 100

(2) MAC
MAC

# remove mac-authentication mac-address 0012.e200.1234

MAC (0012.200.1234)
(3) MAC DB
commit mac-authentication set mac-authentication mac-address
authentication mac-address MAC DB

# commit mac-authentication

11.1.7 MAC DB
MAC DB
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11 MAC

(1)

(2)

MAC DB
MAC DB store mac-authentication backupfile

# store mac-authentication backupfile
Backup mac-authentication MAC address data. Are you sure? (y/n):y
#

MAC DB
backupfile load mac-authentication MAC DB

# load mac-authentication backupfile
Restore mac-authentication MAC address data. Are you sure? (y/n): vy
#

11.1.8 dead interval RADIUS 1 RADIUS

RADIUS dead interval 2 RADIUS
authentication radius-server dead-interval
RADIUS clear mac-authentication dead-

interval-timer

115 1 RADIUS

# clear mac-authentication dead-interval-timer

#
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12

12.1

12.1.1

12-1

S,

)<?atz+m

- EHEEHEER
FEE

~

ﬁi - E;éi;_____*
EMa—F HhiAAiEE

ﬁ

il |
EEEEE FEEE
FEHE

J
~

J/

-

IEﬂ:L—*f Eiﬂﬂ#ik

??tRHT
_Ewﬂﬁmﬂ
F.% i)

_‘\-\

vy

LRI i:!ﬂ.h’t#- (RRHEfAER)

12.1.2
1)

IEEE802.1X Web MAC 2

511 2

(2)

authentication multi-step

12-1

MAC IEEE802.1X
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12

Web
permissive
IEEE802.1X Web dotlx
MAC dotlx
3
RADIUS RADIUS
Access-Accept RADIUS Filter-1d Tunnel-Private-Group-1D
12-2 RADIUS
Type RADIUS
Filter-1d @@1X-Auth@@ IEEE802.1X
11 RADIUS /1X-Auth
@@Web-Auth@@ Web
/Web-Auth
@@MultiStep@@ Web IEEE802.1X
/MultiStep
/Class=xx
xx 0 63
Filter-Id
1
/Class=xx
RADIUS xXx 0 63

/MAC-Auth/Class=xx
xx 0 63

@@MAC-Auth@@
IMAC-Auth
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Type RADIUS
2
Filter-1d
1
2
Tunnel-Private- VLAN 8 VLAN
Group-ID RADIUS
81 VLAN
VLAN 8 VLAN
RADIUS
VLAN
1
ACL/QoS
@@1X-Auth@@
2
3
IEEE802.1X Web MAC
Tunnel-Private-Group-1D
12.1.3
1)
RADIUS Filter-1d
RADIUS Filter-1d
2
[ ]
RADIUS Filter-1d @@MAC-Auth@@

RADIUS Filter-1d
MAC MAC
mac-authentication auth-interval-timer

(3) dotlx

RADIUS Filter-1d
MAC IEEE802.1X
RADIUS Filter-1d
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IEEE802.1X RADIUS MAC
12.1.4
RADIUS
MAC RADIUS
5.3.3
12.1.5
(1)
2
(2)
2
dotlx EAPOL-Start IEEE802.1X MAC
Web
IEEE802.1X
2
(3)
12-3
MAC IEEEB02.1X Web
1
1
2 2
MAC
4
1
VLAN
2
MAC
MAC
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MAC
3
mac-authentication auth-interval-timer
4
dotlx timeout quiet-period
12.1.6
5.3 2
12.1.7
[ J
show authentication multi-step MAC
[ J
IEEE802.1X
show dot1x logging
Web
show web-authentication logging
MAC
show mac-authentication logging
12.1.8
(1) RADIUS Filter-1d
RADIUS Filter-1d
Filter-1d IEEE802.1X 6.1 IEEE802.1X
6-4 3 Access-Accept 6.2.9
IEEE802.1X RADIUS
Filter-1d
(2)
authentication max-user
(3)
authentication multi-step  dotlx
authentication multi-step
shutdown clear dotlx auth-state clear web-
authentication auth-state clear mac-authentication auth-state
60
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(4)

> W npoE

(4)

Web
IEEE802.1X
MAC
L2MAC

no shutdown

authentication multi-step
2 L2MAC

authentication multi-step

L2MAC
restart web-authentication
restart dot1x
restart mac-authentication

restart vlan mac-manager
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12.2

12.2.1

12-4

authentication multi-step

12-5

show authentication multi-step

12.2.2 VLAN

VLAN
12-2 VLAN
DHCP+— ¢ % ﬁ RADIUSH—. 4
LIAA wFla¥
o= B EEEE |-
r i [
IP7 F L ARH —— :
FHE i i
- EEEE B :
| :
: HUE |
. PG s )
i i
| IRRERT £ VLAN :
| (VLAN 20) 3
PC
MAC IEEE802.1X MAC
P DHCP
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12.2.3

e VLAN

° VLAN
° MAC
° IEEEB02.1X

. IPv4

IEEE802.1X 7 1EEE802.1X
11 MAC

(config)# vlan 20
(config-vlan)# exit
VLAN 20

(config)# aaa authentication dotlx default group radius

MAC

(config)# aaa authentication mac-authentication default group radius

IEEE802.1X MAC RADIUS

(config)# interface gigabitethernet 1/0/1

(config-if)# switchport mode access

(config-if)# switchport access vlan 20
1/0/1

(config-if)# mac-authentication port
(config-if)# dotix port-control auto
(config-if)# dotix multiple-authentication
(config-if)# dotlx supplicant-detection auto
(config-if)# authentication multi-step

1/0/1  MAC IEEE802.1X

(config-if)# authentication ip access-group L2-AUTH
(config-if)# authentication arp-relay
(config-if)# exit
1/0/1 PC
ARP

(config)# ip access-list extended L2-AUTH
(config-ext-nacl)# permit udp any any eq bootps
(config-ext-nacl)# exit
DHCP IP PC
bootps 1Pv4

VLAN
VLAN
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12-3 VLAN
RADIUS 4 — ﬁ ﬁ DHCP 4 —» §
WAL 9 F . |
1Py L2 PTELR

HUB HUEB :l

2 ha—+F FAo—H

| BHRT
HR1—F #AL—F
R ATVLAN R % VLAN EREE e VLAN
[VLAN 20} (VLAN 30) [VLAN 40]
PC PC
MAC Web
VLAN VLAN 30
MAC Web MAC VLAN VLAN 40
MAC Web VLAN DHCP
IP MAC Web
VLAN DHCP IP
e MAC VLAN VLAN
[ ]
e MAC VLAN
° MAC
° Web
[ ]
° IPv4
Web 9 Web MAC 11
MAC

1. (config)# vlan 30 mac-based
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(config-vlan)# exit

(config)# vlan 40 mac-based

(config-vlan)# exit

VLANID30 40 MACVLAN RADIUS VLAN
VLAN ID

(config)# vlan 20
(config-vlan)# exit
VLAN ID 20

(config)# aaa authentication mac-authentication default group radius
(config)# aaa authentication web-authentication default group radius
MAC Web RADIUS

(config)# interface gigabitethernet 0/1
(config-if)# switchport mode mac-vlan
(config-if)# switchport mac native vlan 20
0/1 MAC MAC VLAN20
VLAN

(config-if)# web-authentication port
(config-if)# mac-authentication port
(config-if)# authentication multi-step permissive
(config-if)# exit
0/1  Web MAC

(config-if)# authentication ip access-group L2-AUTH
(config-if)# authentication arp-relay
(config-if)# exit
0/1 IPv4
ARP
(config)# ip access-list extended L2-AUTH
(config-ext-nacl)# permit udp any any eq bootps
(config-ext-nach)# exit
DHCP bootps IPv4

RADIUS Accept RADIUS VLAN
MAC VLAN VLAN
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13 DHCP snooping

DHCP snooping

DHCP snooping DHCP
IPv4

DHCP snooping

230



13 DHCP snooping

13.1

13.1.1

DHCP snooping DHCP
IPv4
ARP
DHCP snooping DHCP DHCP
13-1 DHCP snooping
% DHCP4— 1
LA IR AwF
(DHCP V) Le—)
van LV
L
BRL AT
NS F—RA—Z
] I_I><
N A
IP7 FLZ LIP7 KL R HPF KL
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DHOPS S A4 F > b {E#H = A TLVELDHCPH—a %

DHCF 2 S F 2

(LB |:| :DHCPs 4w P EBMT BH— F
< 4w FOFTh (EE)

8-t (R REAREE Y

(fEHi T h TV L)

 EEMOME (E®R)
== ylry DR (BE¥E)

ARP

O iy i X iy L RE
DHCP snooping
13-1 DHCP snooping
DHCP DHCP IP DHCP
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13 DHCP snooping

DHCP

DHCP

DHCP

MAC
Option82

DHCP

DHCP

IPv4

ARP

ARP

MAC IP

ARP

ARP

(1)

13.1.2 DHCP
(1)

DHCP snooping

® trust
DHCP

® untrust
DHCP
DHCP

DHCP

trust

untrust
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13 DHCP snooping

(2)

13-2
DHCP 4 —.1
LA FIAA v FAI—F
(DHCP ) Lo—)
FEH |J—l
LI
[E=]
DHORS S F v b DHOPS S+ F i b
(RLED |:| trustdi— D suntrustii— k
ip dhcp snooping DHCP snooping
untrust DHCP trust
trust ip dhcp snooping trust

DHCP snooping

13-3

1

ip dhcp snooping vlan VLAN

I:-E
]
DHCP S S 4 F 2 DHCP 4 — 4%
(2 FEE
IFF FLARKER
IPF F L-AB#
IP7 FL2SMER -
28 T
F—g A=

(P

E cuntrustdi—

|:| trustii— k
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13 DHCP snooping

trust DHCP IP
untrust
untrust DHCP IP
[
DHCP IP
[ ]
ip source binding
untrust IP
13-2
MAC DHCP MAC IP
MAC
IP DHCP IP IP IP
1.0.0.0 126.255.255.255
128.0.0.0 223.255.255.255
VLAN VLAN ID
DHCP IP
3)
@)
ip dhcp snooping database url

(b)

[ ]

° ip dhcp snooping database url

° clear ip dhcp snooping binding
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ip dhcp snooping database write-delay

13-4
; ! 5 il
54 2% 84Tl T |
H i I
— e
IO TT Ve T mEaa
P =T 2543 BN
iR AR &8 Hin
:i{yiﬁfkﬁi;—ﬁfb:%::::if]
RESHE-EBExR~ A1
T4 T T—RA—AERTF
(©)
MC
ip dhcp snooping database url
(d)
° ip dhcp snooping database url
° MC MC
(e)
(4) DHCP

DHCP
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13 DHCP snooping

13-5 DHCP

|

FiEil

A T T T—R =3
HEHFAHDHPS 54 F ok (HF)

IP7 F L2 ATk

R T T TR A—2

FBEOHCP 2 S o 7 2o F (1) DHCP+—s €
IPF F L AR R R
B8 & h T LAy LADHOPH—ax
IPF F L-A B2
="
>L] X
DHOP 4 S o F 2 - (483K
MAGT | Lo A BERRDHOP 34 I‘-,‘J— x
Opt ion824F HDHCP L4 < k- - x
(A8 |:| : untrusti— O c iAoy Roh
D s trustsdi— k x c ANV FEERE
untrust DHCP
(] DHCP IP
untrust DHCP DHCP
DHCP DHCP IP
° DHCP IP
untrust IP IP
DHCP DECLINE DHCP
DHCP IP IP
e MAC
untrust DHCP MAC Source MAC Address
chaddr DHCP
MAC
e Option82
untrust DHCP Option82 DHCP
Option82
13.1.3 DHCP
DHCP snooping DHCP

ip dhcp snooping limit rate
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DHCP DHCP

DHCP SNMP
show ip dhcp snooping logging

(1)
30
DHCP
13-6 DHCP
Mﬂu—hmﬂﬂ%ﬁm|
Tmmuf&phEEhLﬁu
BEAT ,-.—"‘—-\I
Frud I -
L— b I P
(442 ppe) DS U
7\ AV By b
FIWE Lo— P foeeinad fIr .V, \\
/ N
Y
"
A / \_“wa'\h . ATy b
- -H_‘-‘--‘-‘_\-\.
=1 1|
13.1.4
(1)
IPv4
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13-7

DHCP O S F e |
(33D

IPF F LA BCwW l

IPvdsisr = b

IPF FLARHBER

-

IPF F L-ABRHik

IPvdsi4r v | .

M

it IPF K L-AEH

o )

-

¥

RN I:I - untrustfi—

I:l s trustdi— b+

O iy rom

X vy FER

ip verify source

(2) IPv4
untrust IPv4
IPv4
13-3
IPv4
Ethernet IP
VLAN ID MAC IP
MAC o o o
IP o o o
MAC o o o o
IP
o)
13.1.5 ARP
(1)
ARP ARP
ARP
ARP
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13-8 ARP
HCP 2 S A F o bk DHCPH—s1
(3 3R) F &l
IP7 F L-ZBCH0 J_ l
— B T
ARPs v b S| @®w x Fm g A=, ARP
B mig| T — D Al
IP7 KL ARGER —— v
= =y < B (<
I, — IPF FL-AEH
IPF F L ABEHiE
ARP 34w _&'ﬂ\‘ Fan, )
) & am
(A8 |:| : untrusti— F O AT BT =T
:I s trustii— b+ x VAT 5
(2)
ARP DHCP snooping ARP
® frust
DHCP trust
trust ARP
e untrust
DHCP untrust
DHCP
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13 DHCP snooping

13-9
IJHEF"‘:!'—H
LA IRAA 2w F A IN—5
(DHCP 1) L=
L
| -

DHCP 2 S 7 o b

(LD I:] trustdi—

DHCP S S+ 7 2 b

D cuntrustii— k

i

ip dhcp snooping DHCP snooping

untrust DHCP trust
trust ip arp inspection trust
ARP ip arp inspection vlan VLAN
ip dhcp snooping trust ip arp inspection trust
(3) ARP
untrust ARP
ARP
13-4
ARP ARP
VLAN ID Ethernet ARP
MAC MAC IP
MAC MAC IP
Request o o o o
Reply o o o o
[0
(4) ARP
untrust ARP

ip arp inspection validate
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13 DHCP snooping

(@) MAC

Src-mac
2 MAC Source MAC ARP MAC
Sender MAC Address
ARP Request ARP Reply
MAC
13-5 MAC
ARP ARP
VLAN ID Ethernet ARP
MAC MAC IP
MAC MAC IP
Request o o
Reply o o
o
(b) MAC dst-mac
2 MAC Destination MAC ARP MAC
Target MAC Address
ARP Reply
MAC
13-6 MAC
ARP ARP
VLAN ID Ethernet ARP
MAC MAC IP
MAC MAC IP
Request
Reply o o
o
() IP ip
ARP IP Target IP Address
e 1.0.0.0 126.255.255.255
e 128.0.0.0 223.255.255.255
ARP Reply
IP
13-7 IP
ARP ARP
VLAN ID Ethernet ARP
MAC MAC IP
MAC MAC IP
Request
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ARP ARP
VLAN ID Ethernet ARP
MAC MAC IP
MAC MAC IP
Reply
)
13.1.6 ARP
ARP ARP
ARP
ip arp inspection limit rate
ARP ARP
ARP SNMP
show ip dhcp snooping logging
1)
DHCP
13.1.3 DHCP 1)
13.1.7 DHCP snooping
1) 2
\Vol.1 24.3 2
2) 2
5.2.1 2

(3) IPv4

DHCP snooping IPv4 IPv4

bootps bootpc
bootps bootpc

(4)

° ip dhcp snooping database url

DHCP
DHCP IP Windows
ipconfig /release ipconfig /renew
DHCP
° DHCP
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(5)

(6)

(7)

(8)

(9)

DHCP snooping

DHCP

DHCP
ARP

MC

ARP
ARP

e ip dhcp snooping

e ip dhcp snooping vilan

® ip source binding

ARP

ARP

ARP
DHCP

Tagged

e DHCP

ip source binding

MC

ARP

DHCP

VLAN Tag

802.3 LLC/SNAP

ARP

switchport validation
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13 DHCP snooping

13.2

13.2.1

DHCP snooping

13-8
ip arp inspection limit rate ARP
ip arp inspection trust ARP
ip arp inspection validate ARP
ip arp inspection vlan ARP VLAN
ip dhcp snooping DHCP snooping

ip dhcp snooping database url

ip dhcp snooping database write-delay

ip dhcp snooping information option allow- DHCP Option82
untrusted

ip dhcp snooping limit rate DHCP

ip dhcp snooping logging enable syslog

ip dhcp snooping loglevel

ip dhcp snooping trust DHCP snooping

ip dhcp snooping verify mac-address DHCP MAC

ip dhcp snooping vlan DHCP snooping VLAN
ip source binding IP

ip verify source

DHCP snooping

13-9

show ip dhcp snooping binding

clear ip dhcp snooping binding

show ip dhcp snooping statistics

clear ip dhcp snooping statistics

show ip arp inspection statistics ARP

clear ip arp inspection statistics ARP

show ip dhcp snooping logging

clear ip dhcp snooping logging

restart dhcp snooping

dump protocols dhcp snooping
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13 DHCP snooping

13.2.2

DHCP snooping
DHCP snooping

13-10 DHCP snooping

DHCP4—a 4 BBt —st

i 7

LA FIZA 2 F/IL—2
[DHCPY L—]

HEE ,J-‘

L 105

e 1/041

VLAN 2

DHCP 2 S0 F 2 |

CAE D s trustik—k |:| - untrustsi— k-

(1) DHCP snooping
DHCP snooping DHCP snooping

1. (config)# ip dhcp snooping
DHCP snooping
2. (config)# vlan 2
(config-vlan)# exit
(config)# ip dhcp snooping vlan 2
VLANID2 DHCP snooping

3. (config)# interface gigabitethernet 1/0/1
(config-if)# switchport mode access
(config-if)# switchport access vlan 2
(config-if)# exit
1/0/1 1/0/1 VLAN
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13 DHCP snooping

(2) DHCP snooping  trust

DHCP 13-10 DHCP snooping
trust

1. (config)# interface gigabitethernet 1/0/5
(config-if)# ip dhcp snooping trust
(config-if)# switchport mode access
(config-if)# switchport access vlan 2
(config-if)# exit

1/0/5  trust
1/0/5 1/0/5 VLAN
3
(a)
1. (config)# ip dhcp snooping database url flash
(b) MC
MC MC
1. (config)# ip dhcp snooping database url mc dhcpsn-db
MC dhcpsn-db
MC MC
MC NEC
4)

1. (config)# ip dhcp snooping database write-delay 3600

3600
[ ]
° ip dhcp snooping database url
° clear ip dhcp snooping binding
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13 DHCP snooping

13.2.3 DHCP
DHCP

13.2.4

13.2.5

(1)

DHCP

(config)# ip dhcp snooping limit rate 50

50

DHCP

(config)# interface gigabitethernet 1/0/1
(config-if)# ip verify source port-security

(config-if)# exit
1/0/1 IP

trust
DHCP snooping
VLAN

ARP
ARP

ARP

(config)# ip arp inspection vlan 2

VLAN ID 2 ARP
ARP

.

°

° VLAN

arp inspection trust

MAC

ip verify source

VLAN

ip dhcp snooping vlan

ARP
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ip dhcp snooping vlan

VLAN

VLAN ID

ip source binding

ARP
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(2) trust

DHCP trust

1. (config)# interface gigabitethernet 1/0/5
(config-if)# ip arp inspection trust
(config-if)# exit

1/0/5  trust untrust
ARP VLAN
ARP
3
ARP MAC
1. (config)# ip arp inspection validate src-mac
MAC src-mac
13.2.6 ARP
ARP
ARP
1. (config)# ip arp inspection limit rate 100
100 /
13.2.7 P
IP
IP
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13-11 IP
DHOP 4= 1 BEPYHr— s
= —
Lo IR A wF/ I—2
(DHCP 1) Le=1)
A ,J-‘
L /055
e 14041

LTJ VLAN 2

Lef 224 o F/ T

[PF F LA - 192 168 10022
MACT F LA : 0012 e2fF, 2222

DHCPZ 5S4 F >+ BERIFFFLAEERDIIEE

LR |:| : trustii— F EI cuntrustdi— k

DHCP snooping 13.2.2 IP
untrust IP

1. (config)# ip source binding 0012.e2ff.2222 vlan 2 192.168.100.22 interface gigabitethernet
1/0/1
MAC VLAN VLANID IP

13.2.8 DHCP

DHCP
DHCP
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13-12 DHCP

DHCPH— 4 B —s

— /=

LA P22 vF /T

FRE ,J—‘

L 105

. 1/041

VLAN 2
o IPF F LA 192 168100 33

YTy MACT K Lo : 0012 e2ff. 3333
(DHCP 1) L-—)

DHCP S0 F 2 |

[ L) D : trustidi— k- I:[ cuntrustifi—

DHCP snooping 13.2.2 13.2.4 13.2.5

ARP

DHCP DHCP IPv4

3 ARP
DHCP IPv4
ARP
(1) DHCP

DHCP 3 DHCP
MAC DHCP MAC

1. (config)# no ip dhcp snooping verify mac-address
untrust MAC

MAC untrust DHCP

(2) 1Pv4
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DHCP
MAC

3 DHCP

1. (config)# interface gigabitethernet 1/0/1

(config-if)# ip verify source
(config-if)# exit

1/0/1 P
(3) ARP
ARP P
13.2.7 IP
13.2.9 Option82 DHCP
Option82 DHCP
Option82 DHCP
13-13 Option82 DHCP
DHOP4—< B —r &
=1
LA PR vF /NG
FEE /J_‘
L 1/0/5
e 1/041
VLAN 2
ey [PF kLA : 192 168 100 44
A vIAT 9/ —% gﬁi;ﬁ:ﬁiﬂgm' e2ff. 4444
(DHCP 1) L-—)
DHCPO S F 2o b
(FL) D : trustdh— D cuntrustdi— -
DHCP snooping 13.2.2 13.2.4
ARP
DHCP DHCP 1Pv4
3 ARP

DHCP

1Pv4
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ARP DHCP Option82
Option82 DHCP

(1) DHCP
DHCP DHCP
13.2.8 DHCP (1) DHCP
(2) IPv4
DHCP DHCP
13.2.8 DHCP () IPv4
(3) ARP
ARP IP
13.2.7 IP

(4) Option82 DHCP
DHCP Option82

1. (config)# ip dhcp snooping information option allow-untrusted
untrust Option82

13.2.10 syslog

syslog

1. (config)# ip dhcp snooping logging enable
syslog

2. (config)# logging event-kind dsn
syslog DHCP snooping
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GSRP aware

GSRP aware GSRP MAC
GSRP aware
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14 GSRP aware

14.1

14.1.1 GSRP

GSRP  Gigabit Switch Redundancy Protocol

GSRP 2
GSRP 2
14-1 GSRP
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14 GSRP aware

14.1.2 GSRP
GSRP
MAC
MAC GSRP
GSRP
MAC
GSRP MAC
GSRP Flush request GSRP Flush request
MAC GSRP aware
GSRP aware GSRP aware  GSRP Flush request
GSRP Flush request
14-2 GSRP Flush request

5o it il i it 1
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1. GSRP A GSRP B GSRP B  GSRP Flush
request
2. GSRP Flush request MAC
3. PC MAC
GSRP B
4. PC MAC
PC GSRP B
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14.1.3 GSRP aware

(1)
€Y 2
Voll 243

(b) 2

5.2.1 2
(©)

GSRP
14-1 GSRP

GSRP Flush request
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14.2

14.2.1
GSRP aware
14-2
show gsrp aware GSRP  aware
restart gsrp GSRP
dump protocols gsrp GSRP
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15.1.4

MAC
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MAC

e MAC
MAC MAC
MAC 10
[ J
MAC MAC
MAC
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2
3
VLAN VLAN Untagged
VLAN
(4) VLAN
VLAN
e switchport backup flush-request
e switchport backup interface
e switchport backup mac-address-table update exclude-vlan
® switchport backup mac-address-table update transmit
)
inactive
active
(6)
activate
7) MAC
MAC 300
300
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15.2

15.2.1

15-4

switchport backup flush-request transmit MAC

switchport backup interface

switchport backup mac-address-table MAC

update exclude-vlan VLAN

switchport backup mac-address-table MAC
update transmit MAC

switchport backup reset-flush-port

switchport backup reset-flush-time

switchport-backup startup-active-port-
selection

15-5

show switchport-backup

show switchport-backup statistics

clear switchport-backup statistics

set switchport-backup active

restart uplink-redundant

dump protocols uplink-redundant

15.2.2
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15-8

4 ™
LR A v FA LI 1 wFB
f0/ 1/0/2
5542 yati—p L D o sym—t
o J
1/0/1 1/0/2
60
1)
1/0/1 1/0/2
60

1. (config)# spanning-tree disable
2. (config)# interface gigabitethernet 1/0/1

(config-if)# switchport backup interface gigabitethernet 1/0/2 preemption-delay 60

1/0/1
1/0/1
1/0/2 60

3. (config-if)# switchport backup flush-request transmit

(config-if)# exit

[ ]

shutdown
[ ]
15.2.3

set switchport-backup active
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15-9 set switchport-backup active

> set switchport-backup active port 1/0/1
Are you sure to change the forwarding port to specified port? (y/n): vy
>

15.2.4

1/0/1 1/0/2
1/0/1

5 3
link debounce

1. (config)# interface gigabitethernet 1/0/1
(config-if)# switchport backup reset-flush-port
(config-if)# switchport backup reset-flush-time 5
(config-if)# exit

1/0/1
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16.1.2
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inactive active
active
(1) L2
L2
16-1
L2
inactive
L2
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L2
inactive
L2
L2
inactive
(2) L2
L2 VLAN
VLAN
Vol.1 3111 L2
(3) inactive
L2 L2
VLAN VLAN L2
L2 1
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16 L2

MAC

16.1.4 L2
(1) VLAN MAC VLAN
L2 Untagged
VLAN
[ J
° VLAN
(a)
HUB
A HUB L2
B MAC L2
VLAN L2
L2 A
16-4
AF Ry RT—=2 AFAAUF
VLAN 200 VLAN 200
VLAN 200 VLAN 200
(U) 151 JVLANE LTS
B B ] LESETHEG LIn—
: ¥J) TR T L —LhhEER
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16 L2

16-5
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= miEh EHEER—
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(2) Tag
° Tag Tag L2
° Tag L2
(3) L2
L2
(4) inactive active
(@)
active
inactive activate active
(b)
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16 L2

activate active

(5)

inactive active
inactive
inactive activate
active

(6) Ring Protocol

Ring Protocol Blocking L2
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16 L2

16.2

16.2.1
L2

16-2

loop-detection L2

loop-detection auto-restore-time inactive active

loop-detection enable L2

loop-detection hold-time inactive L2

loop-detection interval-time L2

loop-detection threshold inactive L2
L2

16-3

show loop-detection L2

show loop-detection statistics L2

show loop-detection logging L2

clear loop-detection statistics L2

clear loop-detection logging L2

restart loop-detection L2

dump protocols loop-detection L2

16.2.2 L2
L2

1/0/1 1/0/2
1/0/3 1/0/4

284



16 L2

16-6 L2
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(1) L2

L2 L2

1. (config)# loop-detection enable
L2

2. (config)# interface range gigabitethernet 1/0/1-2
(config-if-range)# loop-detection uplink-port
(config-if-range)# exit
1/0/1 1/0/2 1/0/1
1/0/2 L2

3. (config)# interface range gigabitethernet 1/0/3-4
(config-if-range)# loop-detection send-inact-port
(config-if-range)# exit
1/0/3 1/0/4 1/0/3
10/4 L2 inactive

2) L2

L2
VLAN L2
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16 L2

1. (config)# loop-detection interval-time 60

L2 60
(3) inactive
1 inactive 1
inactive inactive

1. (config)# loop-detection threshold 100

L2 100 inactive
2. (config)# loop-detection hold-time 60
L2 60
(4)
inactive active

1. (config)# loop-detection auto-restore-time 300
300 inactive active
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17

17.1

17.1.1

2

2
17-1
ARP
IP
MAC MAC
17-2
SNMP
SNMP
inactive
active activate
17.1.2

17.1.2
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17.1.3

17.1.4
(1)

(2)

3)

125pps
200
110

activate

125ppsx200
125ppsx110

1

clear storm-control
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17.2

17.2.1

17-4

storm-control

17-5

show storm-control

17.2.2

clear storm-control 0
SNMP
1. (config)# interface gigabitethernet 1/0/10
(config-if)# storm-control broadcast level pps 250
250pps
2. (config-if)# storm-control multicast level pps 500
500pps
3. (config-if)# storm-control unicast level pps 1000
1000pps
4. (config-if)# storm-control action trap
SNMP

5. (config-if)# storm-control action log

17.2.3
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1. (config)# interface gigabitethernet 1/0/20
(config-if)# storm-control broadcast level pps 500 250
1/0/20 500pps
250pps

2. (config-if)# storm-control multicast level pps 750 500
750pps 500pps

3. (config-if)# storm-control unicast level pps 1000 750
1000pps 750pps

4. (config-if)# storm-control action filter

5. (config-if)# storm-control filter-broadcast 125
125pps

6. (config-if)# storm-control filter-multicast 250
250pps

7. (config-if)# storm-control filter-unicast 500
500pps

8. (config-if)# storm-control filter-recovery-time 15
15

17.2.4

1. (config)# interface gigabitethernet 1/0/5
(config-if)# storm-control unicast level pps 500
500pps

2. (config-if)# storm-control action inactivate
inactive

3. (config-if)# storm-control auto-restore-time 300
active 300
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18.1

18.1.1
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18.1.2
1)
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3)
[ J
[ ]
(4)
e VLAN 3 VLAN
Ring Protocol  IGMP snooping/MLD snooping 3
SNMP DHCP
[ J
[ ]
e QoS
4
[ ]
[ J
802.1Q Tag
)
(6)
[ ]
° Tag VLAN VLANID
Tagged
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. TPID TPID
[ ]
[ ]
[ ]
. VLAN
18.1.3 802.1Q Tag
802.1Q Tag VLAN Tag
VLAN Tag 2
MAC
MAC
MAC
VLAN VLAN Tag MAC
VLAN MAC VLAN
802.1Q Tag VLAN Tag
18-1 802.1Q Tag VLAN Tag
TPID IEEE802.1Q VLAN Tag
EtherType 1
User Priority IEEE802.1D 3
CF MAC MAC 0
Canonical Format
VLAN ID VLAN ID VLAN ID
2 4094 1
18.1.4
1)
2) 802.1Q Tag
e VLAN Tag 4
Tagged VLANTag 2
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° VLAN Tag TPID
TPID
1 VLANTag TPID TPID
[ ]
e |P8800/S2630-48T4XW 1P8800/S2630-48P4XW
1 24 49 50 25 48 51 54
(3) sFlow
e sFlow egress
e sFlow egress 802.1Q Tag

(4)
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18.2

18.2.1

18-2

monitor session

18.2.2

1) 1 1

vlan

1. (config)# monitor session 2 source interface gigabitethernet 1/0/1 rx destination
interface gigabitethernet 1/0/5
1/0/5 1/0/1

2)
1. (config)# monitor session 1 source interface gigabitethernet 1/0/1-23, tengigabitethernet
1/0/25 both destination interface gigabitethernet 1/0/24
1/0/24 1/0/1 1/0/23
10 1/0/25
3
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1. (config)# monitor session 1 source interface gigabitethernet 1/0/1-23 both destination
interface channel-group 10

10 1/0/1
1/0/23
18.2.3 802.1Q Tag
802.1Q Tag 2
Tagged VLANTag 2
mtu MTU

1. (config)# monitor session 1 source interface gigabitethernet 1/0/1 both destination
interface gigabitethernet 1/0/2 encapsulation dotlq 10 ethertype 9100
1/0/1
VLAN 10 TPID 0x9100 VLAN Tag 1/0/2

299



19



19

19.1

19.11
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Ap W) zEOeEIL—4 W 35-ursIL-4 [ i4v572-2

19.1.2
(1)

(2)
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layer-2-1-mirror layer2-2-mirror
19-1
in-mirror
3
[ ]
[ ]
e VLAN VLAN
[ ]
[
[ ]
(4)
[
[
e |EEE802.1X Web
° IPv4
e DHCP snooping
[ ]
19.1.3
1)
[
[ ]
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(2)

VLAN VLAN ID

303



19

19.2

19.2.1

19-2

destination session

destination-interface-list

flow detection mode 1!

ip access-group 2

IPv4
ip access-list extended 2 IPv4
mac access-group 2
MAC
mac access-list extended 2 MAC
permit 2
1
27
2
28
19-3
show access-filter
clear access-filter
0
31

19.2.2
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1) 1 1

1/0/10

1. (config)# destination-interface-list MIRROR-LIST-A mode mirror
(config-dest-mirror)# destination session 1 interface gigabitethernet 1/0/10
(config-dest-mirror)# exit

MIRROR-LIST-A 1/0/10

2. (config)# mac access-list extended MIRROR-A
(config-ext-macl)# permit any any vlan 100 action policy-mirror-list MIRROR-LIST-A
(config-ext-mach)# exit
MAC MIRROR-A VLAN 100
MIRROR-LIST-A

3. (config)# interface gigabitethernet 1/0/1
(config-if)# mac access-group MIRROR-A in-mirror
(config-if)# exit
1/0/1 MAC MIRROR-A

(2)

1/0/10

1. (config)# destination-interface-list MIRROR-LIST-B mode mirror
(config-dest-mirror)# destination session 1 interface gigabitethernet 1/0/10
(config-dest-mirror)# exit

MIRROR-LIST-B 1/0/10

2. (config)# ip access-list extended MIRROR-B
(config-ext-nacl)# permit udp any any action policy-mirror-list MIRROR-LIST-B
(config-ext-nacl)# exit
1Pv4 IPv4-MIRROR-B IPv4
MIRROR-LIST-B

3. (config)# interface gigabitethernet 1/0/1
(config-if)# ip access-group MIRROR-B in-mirror
(config-if)# exit
(config)# interface gigabitethernet 1/0/2
(config-if)# ip access-group MIRROR-B in-mirror
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(config-if)# exit
(config)# interface gigabitethernet 1/0/3
(config-if)# ip access-group MIRROR-B in-mirror
(config-if)# exit

1/0/1  1/0/2 1/0/3
MIRROR-B
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20 sFlow

20 srion

sFlow
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20 sFlow

20.1

20.1.1 sFlow
sFlow
sFlow RFC3176 2
sFlow sFlow
sFlow sFlow sFlow
sFlow
20-1 sFlow

\-\.

A w8 7 x—AHLH
CEMSIZEES

7 o—&kit
Cevdrw FEIRFEHE THE)

(FLH) AS : Autonomous system

20-2

i

[—» aL98 —» FFs4H

sFlow
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20 sFlow

20-1

20.1.2 sFlow

° sFlow

° sFlow

20-3

[ZR—%TL (70— )
22w P EEOSH
(ECHhB ¥, FOESBHES 24928 ATINED)

[hors43oTL (4287 z2—2REH) ]
AR T —ATRET S A O
(ER2EHDI7 - T5—OREW=NIBKERHEY)

20.1.3 sFlow

sFlow
RFC3176 sFlow

20-4 sFlow

- N7 O —H T ————— nfEOh T T ——-

sFloww & | 2A—H 2Tl see| JO—Hu T | ARG LTI || hbws4 T

sFlow

(1) sFlow

sFlow
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20 sFlow

20-2 sFlow
sFlow 2 4
IP IPv4=1 IPv6=2
IP
IP
sFlow
20-4 sFlow n m
]
(2)
20-5

- '11'[.'1]0'}:‘0—*:1'}?'“»—-5--— il R e T ————-

sFlows o | ZO—4H 2Tl sos| 2O0—H o TFIL | H7eR T s s g T

——

TO—H o TFibau | BEF—afst | HERT S8R | o] HBTF—o9RSE

@)

20-3

sequence_number !

source_id
SNMP Interface Index

sampling_rate

sample_pool

drops
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20 sFlow

input SNMP Interface Index
0
output SNMP Interface Index
0
) X
1
2
SNMP Interface Index ifindex
20-4 ifindex
Ingress Egress
source_id ifindex ifindex
input ifindex 0
output 0 ifindex
(b)
IPv4 IPv6 3
IPv4 IPv6
20-5
packet_information_type =1
header_protocol ETHERNET=1)

frame_length

header_length
128

header<>

[¢]

IP

20-6 IPv4

packet_information_type IPv4 =2

length IPv4

protocol IP TCP=6 UDP=17

src_ip IP

dst_ip IP

src_port

dst_port

311



20 sFlow

tcp_flags

TCP

TOS

2

20-7

VLAN Tag

sFlow

packet_information_type

IPv6

=3

length

IPv6

protocol

TCP=6 UDP=17

src_ip

dst_ip

src_port

dst_port

tep_flags

TCP

priority

(©

20-8

VLAN Tag

sFlow

URL

VLAN

NextHop

AS

TACACS/RADIUS

URL

URL

URL

VLAN Tag
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20 sFlow

20-9

extended_information_type

src_vlan

802.1Q VLAN ID

src_priority

802.1p

dst_vlan

802.1Q VLAN ID

dst_priority

802.1p

o

20-10

extended_information_type

src_user_len

src_user<>

dst_user_len

dst_user<>

(¢]

20-11 URL

extended_information_type

URL =5

url_direction

URL
source address=1 destination address=2
2

url_len

URL

url<>

URL

3)
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20 sFlow

20-6
—— AN TO—H T —wla—— pEGHY YT —
sFlows o | 20— 2Tl eos| 70—H o TIL | AP BHTIL | ces| s d T
.-"'_'__F.-.‘-
I
N
_._'_r._._,__--""_
hausgeFaad | hoawsdnFLHS | how549 L7k
(a)
20-12
sequence_number o
source_id o
SNMP Interface Index
sampling_interval o
o
(b)
20-13

GENERIC counters_type=1 X

ETHERNET counters_type=2 o

TOKENRING counters_type=3 X

FDDI FDDI counters_type=4 X

100BaseVG VG counters_type=5 X

WAN WAN counters_type=6 X

VLAN VLAN counters_type=7 x

[0 X
1
2
VLAN
(©)
VLAN
MIB RFC
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20 sFlow

20-14

GENERIC RFC2233 X

ETHERNET RFC2358

TOKENRING RFC1748 x

FDDI FDDI RFC1512 x

100BaseVG VG RFC2020 x

WAN WAN RFC2233 x

VLAN VLAN RFC3176 x

[¢] X
ifDirection dot3StatsSymbolErrors
20.1.4 sFlow
(1) sFlow
sFlow
ingress egress
2)
[
[ ]
3
sFlow
20-15
VLAN
QoS
QoS
2 1
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20 sFlow

e MAC
e VLAN

2
2

Blocking

® IGMP snooping MLD snooping DHCP snooping

(4)

20-16

2

(5)

20-17

VLAN
VLAN Tag

TPID

TPID !

TPID ?

VLAN

Tag

Tag

VLAN

Tag

Tag

VLAN Tag
Tag

Tag 2

Tag !

QoS

DSCP

DSCP

4

DSCP

QoS
DSCP

DSCP

4

DSCP

QoS
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20 sFlow

1
2
3
VLAN Tag
4
(6)
(7)
e sFlow
e sFlow
20.1.5 sFlow
1)

2

VLAN

IPv4 IPv6 URL

1Pv4 TOS IPv6 priority

egress

egress 802.1Q Tag

sflow source
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20 sFlow

20.2

20.2.1

sFlow

20-18

sflow destination

sFlow

sflow extended-information-type

sflow forward egress

sFlow

sflow forward ingress

sFlow

sflow max-header-size

sflow packet-information-type

sflow max-packet-size

sFlow

sflow packet-information-type

sflow polling-interval

sflow sample

sflow source

sFlow

sflow url-port-add

URL
80

HTTP

sflow version

sFlow

sFlow

20-19

show sflow

sFlow

clear sflow statistics

sFlow

restart sflow

dump sflow

20.2.2 sFlow
(1)

sFlow

1/0/4
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20 sFlow

(2)

20-7 1/0/4

IPFFLA 192.1.1.12

[ ]

FEil

[ ]

Ar— k17041 Mm— k1002

=104

o L [

=23 - A4 2F)

|—| i
Q‘ l_l Q
(FLEA
— 10—t

: sF lows v FMFEh

7R e ) miEh

(config)# sflow destination 192.1.1.12
IP 192.1.1.12

(config)# sflow sample 512
512

(config)# interface gigabitethernet 1/0/4

1/0/4

(config-if)# sflow forward ingress

1/0/4

sflow sample

sFlow
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20 sFlow

sFlow
sflow forward ingress sflow forward
egress 1/0/2
20-8 1/0/2
=R

E

1l 5

il e

IPF FLA 192.1.1.12
| #—F:1/004
M
Rk
=% - A wF)
H—F11/0/2
[ 1 ]
Lt #— 17003
= k1001 |
! I 1 I
—_ ==
>3

{RLB0
— 10— b

. &F lows v o D JiER

70— iru k) DFER

1. (config)# sflow destination 192.1.1.12
IP 192.1.1.12

2. (config)# sflow sample 512
512

3. (config)# interface gigabitethernet 1/0/2
1/0/2

4. (config-if)# sflow forward egress
1/0/2 sFlow
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20 sFlow

20.2.3 sFlow
(1) MTU sFlow
sFlow 1400byte

MTU
MTU 8000byte

20-9 MTU=8000byte

aLsa

el

MIUE  8000byte

IPFFLA 192.1.1.12

AR — k1074

RS
=5 « 24 wF)

(A1)
— 100N — oy b

sF lows U4 o RMFTH

20— (i k) MR

1. (config)# sflow destination 192.1.1.12

IP 192.1.1.12
2. (config)# sflow sample 512
512
3. (config)# sflow max-packet-size 8000
sflow 8000byte
4. (config)# interface gigabitethernet 1/0/4
1/0/4
5. (config-if)# sflow forward ingress
1/0/4 sFlow
2)
sFlow
CPU
VLAN

1. (config)# sflow destination 192.1.1.12
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20 sFlow

3)

(4)

IP 192.1.1.12
2. (config)# sflow sample 512
512
3. (config)# sflow packet-information-type ip
IP
4. (config)# sflow extended-information-type switch
5. (config)# interface gigabitethernet 1/0/4
1/0/4
6. (config-if)# sflow forward ingress
1/0/4 sFlow
sFlow P
sFlow
sflow source
IP
loopback IP
1. (config)# interface loopback 0
2. (config-if)# ip address 176.1.1.11
IPv4 176.1.1.11
3. (config)# sflow destination 192.1.1.12
IP 192.1.1.12
4. (config)# sflow sample 512
512
5. (config)# interface gigabitethernet 1/0/4
1/0/4
6. (config-if)# sflow forward ingress
1/0/4 sFlow
loopback  IP sflow source
sflow source IP
URL
sFlow URL HTTP
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20 sFlow

1. (config)# sflow destination 192.1.1.12

IP 192.1.1.12
2. (config)# sflow sample 512
512
3. (config)# sflow url-port-add 8080

URL HTTP

4. (config)# interface gigabitethernet 1/0/4

1/0/4
5. (config-if)# sflow forward ingress
1/0/4 sFlow
HTTP
20.2.4 sFlow
sFlow
(1)
sFlow pps  show interfaces
Input rate
Output rate 100
show sflow
1/0/4 1/0/5

20-10 show interfaces

> show interfaces gigabitethernet 1/0/4

Date 20XX/12/24 17:18:54 UTC

NIFO:

Port4: active up 100BASE-TX full(auto) 0012.e220.ec30
Time-since-last-status-change:1:47:47
Bandwidth:10000kbps Average out:OMbps Average in:5Mbps
Peak out:5Mbps at 15:44:36 Peak in:5Mbps at 15:44:18

Output rate: 0.0bps 0.0pps
Input rate: 4063.5kbps 10.3kpps

Flow control send :off
Flow control receive:off
TP1D:8100

> show interfaces gigabitethernet 1/0/5

Date 20XX/12/24 17:19:34 UTC

NIFO:

Port5: active up 100BASE-TX full(auto) 0012.e220.ec31
Time-since-last-status-change:1:47:47
Bandwidth:10000kbps Average out:5Mbps Average in:5Mbps
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20 sFlow

Peak out:5Mbps at 15:44:36 Peak in:5Mbps at 15:44:18

Output rate: 4893_5kbps 16.8kpps
Input rate: 4893.5kbps 16.8kpps

Flow control send :off
Flow control receive:off
TPID:8100

10.3kpps+16.8kpps /100
271

271 512
sflow sample

2)
show sflow detail Sampling rate to collector

clear sflow statistics
Sampling rate to collector

20-11 show sflow detail
> show sflow detail
Date 20XX/12/21 20:04:01 UTC
sFlow service status: enable
Progress time from sFlow statistics cleared: 8:00:05

Collector IP address: 192.168.4.203 UDP:65535 Source IP address: 130.130.130.1

Send FlowSample UDP packets : 12077 Send failed packets: 0
Send CounterSample UDP packets: 621 Send failed packets: 0
Detail data :

Max packet size: 1400 bytes

Packet information type: header

Max header size: 128 bytes

Extended information type: switch,router,gateway,user,url
Url port number: 80,8080

Sampling mode: random-number

Sampling rate to collector: 1 per 2163 packets

Target ports for CounterSample: 1/0/2-4
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21 |EEES802.3ah/UDLD

2 1 IEEE802.3ah/UDLD

IEEE802.3ah/UDLD

IEEE802.3ah/UDLD
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21 |EEES802.3ah/UDLD

21.1

2111

UDLD Uni-Directional Link Detection

inactivate
|IEEE802.3ah Ethernet in the First Mile slow OAM  Operations,
Administration, and Maintenance |IEEE802.3ah/OAM
OAM
IEEE802.3ah/OAM
uUDLD uUDLD
inactivate
IEEE802.3ah/OAM Active Passive Active
Passive
IEEE802.3ah/OAM
Passive
Ethernet efmoam active udld
efmoam active udld
inactivate
21.1.2
IEEE802.3ah/UDLD IEEE802.3ah/OAM
21-1 |EEE802.3ah/UDLD IEEE802.3ah OAMPDU
Information OAM o
Event Notification Link Event X
Variable Request MIB x
Variable Response MIB x
Loopback Control Loopback X
Organization Specific X
o) X
21.1.3 IEEE802.3ah/UDLD
(1) IEEE802.3ah/UDLD IEEE8B02.3ah/OAM
IEEE802.3ah/OAM

326



21 |EEES802.3ah/UDLD

efmoam active udld

IEEE802.3ah/UDLD
(2) IEEE802.3ah/UDLD
efmoam active udld
(3) UDLD
UDLD IEEE802.3ah/UDLD
UDLD
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21

IEEE802.3ah/UDLD

21.2

21.21

(1)

IEEE802.3ah/UDLD
21-2
efmoam active IEEE802.3ah/OAM active
efmoam disable IEEE802.3ah/OAM
efmoam udld-detection-count
IEEE802.3ah/UDLD
21-3
show efmoam IEEE802.3ah/OAM
show efmoam statistics IEEE802.3ah/OAM
clear efmoam statistics IEEE802.3ah/OAM
restart efmoam IEEE802.3ah/OAM
dump protocols efmoam IEEE802.3ah/OAM
21.2.2 IEEE802.3ah/UDLD
IEEE802.3ah/UDLD
IEEE802.3ah/UDLD IEEE802.3ah/OAM
IEEE802.3ah/OAM
Passive
UDLD Active
gigabitethernet 1/0/1  IEEE802.3ah/UDLD

(2)

(config)# interface gigabitethernet 1/0/1

1/0/1
(config-if)# efmoam active udld
1/0/1  IEEE802.3ah/OAM Active
1 1
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21 |EEES802.3ah/UDLD

10%

5+

1. (config)# efmoam udld-detection-count 60
60
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22 CFM

CFM

CFM Connectivity Fault Management

CFM
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22 CFM

22.1

22.1.1
LAN
SONET ATM
CFM 2
1. Continuity Check
2. Loopback
Loopback
3. Linktrace
Linktrace 2
CFM
22-1 CFM
g ™)
g BRELHE )
(H—=ER 7O T FAA )
é BREA h é BREB h
(Fle—F FAA ) (Fle—a FAA )
. v

=+
(HAETEAA )

(B @ EEAL
‘.:Eﬂﬂmﬁﬂ

(1) CFM
CFM IEEE802.1ag
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22 CFM

22-1 CFM

Continuity Check CC

Loopback
ping

Linktrace

traceroute

(2) CFM
CFM CFM

22-2 CFM

MA MEP

MIP

Maintenance Domain

CFM

MA
Maintenance Association

VLAN

MEP
Maintenance association End Point

CFM

MA

MIP
Maintenance domain Intermediate Point

MP
Maintenance Point

MEP  MIP

22.1.2 CFM
(1)

CFM

CFM PDU

22-3

CFM PDU

CFM PDU

CFM PDU

N|wWw |~ |OT|O (N
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22 CFM

22-2

F 2 o 2o L LI DCEN PDUS) R §E R

2 of 2 Lol 300N POUSEFEER

F A o o L L TaOEN POUEE TR

(2) MA
MA VLAN

CFM  MA MA

MA MA MA
MA

MA

22-3 MA

ot — o — — — — — —

FAA Ll

e e =
e P ——

CFM PDU VLAN VLAN MA
MA VLAN ID VLAN VLAN
ma vlan-group VLAN VLAN
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22 CFM

VLAN VLAN VLAN
(3) MEP
MEP MA MEP MEP ID
1D MEP
CFM MEP CFM  MEP
MEP
e Up MEP
MEP Up MEP CFM PDU MA
Up MEP
22-4 Up MEP
f'-'—-_-_'_'_'_'_'_'—'—'-'-'-"_
N 0O 0O a0 AN!
I ]
| FA A LA '|
L U ’
(RED) A -Up MEP O - MIP
e Down MEP
MEP Down MEP CFM PDU
Down MEP

22-5 Down MEP

e ——

5 b db dF o

! BAA L2 !
| MA “Group B”

B ottt =

(AL W - Down MEF O :-MIP O : #—F (MEP, MIPLLA)

Down MEP Up MEP Down MEP Up MEP

22-6 Down MEP Up MEP

X

N o v 1o o
F#4pp&nt‘ | I Fi{?b&mll l |
M4 “Group A~ MA “Group_ B

Down MEPA & iE{E M Up MEPAH & ik (B
ELMEPH S EIRER T S BEMER S IR L LT,
F—MARDMIP, F— ki SRET S

(L)
Moo Up MEP 57 :Down MEP O :MIP O : #— k (MEP, MIPLLH:) : CFM PDU® S 41
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22-7 Down MEP Up MEP

A
n o v n o o
FA4 LRI ‘ | I A A 2L | l |
M4 “Group A~ MA “Group_ B
Down MEPCOHE{EM Up MEFTODE(EH
BUNEPTHIERET S BUMEPTHIERIE LT,
A—MAR@MUIP, F— FTRETS
(R
HooUp MEP 57 :Down MEP O :MIP [ : #— - (MEP, MIPLLH) : CFM PDU®@ G+
Down MEP Up MEP Down MEP MA
MA CFMPDU MA
CFM Down MEP
22-8 Down MEP
T T T FaqwLAnz ™
i M4 “Group_B~ !
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! KAqoLanl ;
I ! MA “Group_A” I :
. | I
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CFNDHEREATE L < Btk L %Ly,
(L)
Ao Up MER N7 : Down MEP O : MIP . CFM POUMiE A
4) MIP
MIP
MA MIP
MIP  Loopback Linktrace
@)
MIP
1 2
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22-9 1 2

FAA LA ImfE

F ALl
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Loopbacki= & % HEE2 CITHENESTIHIMES,
FAA LA EHEEZAETIE
EEEAEY, KA LAL2c
MEAFBLICEFRETES,
(L)
Mo Up MEP W7 - Down MEP O - MIP
2 1 MA MEP
2  MIP 2 1
2 1
(b)
MIP
MIP
A E MEP
22-10 MIP
Ty p——" =
i F A A e Lol 1
1 M4 “Group A~ i
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| A B HilC FiHD wme !
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MIP MIP
Loopback  Linktrace
22-11 MIP
ST T T T T ST T T -8
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i MA “Group_A” |
| A %ImB #ImC D e !
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22.1.3
CFM
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MA MEP MIP
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| FALSLALT GRREN V1 FASDLALY (RRED) |
I I
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o 1 2
1. 1 MA" Group_A"
MA VLAN
MA
2. B D MA MEP
Up MEP
3. 2 MA E G UpMEP
22-13 1 2
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MIP
MEP MIP Loopback  Linktrace
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22.1.4 Continuity Check

Continuity Check CC MEP MA MEP CCM Continuity
Check Message CFM PDU MA MEP MEP
Loopback Linktrace

cC CCM MA
CCM

MA MEP
cc

22-5 CC

MA CCM
MEP ID CCM
CCM

RN | W B[O

CCM
Remote Defect Indication

22-6

5 MA CCM CCM
x 3.5

4 MEP ID CCM CCM
x 3.5

3 CCM

2 CCM

1 CCM

MEP MA CCM MEP CCM
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I
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CCM MEP MA
Loopback Linktrace MA
22.1.5 Loopback
Loopback 2 ping MA MEP-MEP MEP-
MIP
CC MEP-MEP Loopback MEP-MIP MA
MEP CFM PDU
Loopback MIP MEP MIP MIP
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22-22 MEP Loopback

MA “Group A" I

(R
% : Down MEF O : MIP » e—Flu s A uk—Umifth

Loopback CC cC
MIP MIP MAC

22.1.6 Linktrace

Linktrace 2 traceroute MA MEP-MEP MEP-
MIP
CFM PDU
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Linktrace MIP
Linktrace CC CcC
MIP MIP MAC

(@) Linktrace
Linktrace
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Linktrace
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22-26 Linktrace
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A

(b) Linktrace

CFM MIP CCM MAC

CFM CFM

22.1.7
(1)

CFM

22-7 Up MEP

CC CCM CCM Blocked

Loopback 12ping

Linktrace I12traceroute

Egress Port Blocked

22-8 Down MEP

cC CCM

Loopback

12ping

Linktrace

I12traceroute
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VLAN 6
VLAN 1
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MEP ID MAC
MEP
MIP CCM
MEP
MEP MAC
MEP CCM VLAN
Linktrace show cfm I12traceroute-db
Linktrace MEP
TTL
(1) MEP CCM
MEP CCM MA MEP
MEP
Loopback Linktrace MEP ID MEP CCM
MEP ID MEP ID show cfm
remote-mep
CcC MEP CCM
(2) MIP CCM
MIP CCM
MIP CCM MEP MAC MAC
MAC
ccC MIP CCM
3)
Linktrace
show cfm |2traceroute-db Linktrace
(@)
1024
1 1 256
4 1 16 64
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(1) CFM
CFM CFM CFM
CFM PDU
CFM
22-13
MAC
0180.¢200.0030 0180.c200.003f
CFM CFM PDU
2)
(@) 2
5.2.1 2
(3) CFM PDU
CccC MEP 96 MEP CFM PDU
CFM PDU CFM
PDU
CFM PDU
(4) VLAN MA MEP
VLAN MA MA 2
MEP MEP CFM
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(5)

(6)

(7)

(8)

Linktrace

Linktrace

Up MEP

Linktrace
[ ]

e LLDP

MIP CCM MAC

CC CCM

MIP  CFM

Up MEP MIP CFM

restart cfm

MIP  Loopback Linktrace

MIP MIP  Loopback
PVST+
MSTP VLAN VLAN VLAN
CC
Ring Protocol cC
MEP CCM ErrorCCM
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22.2

22.2.1
CFM
22-14
domain name
ethernet cfm cc alarm-priority cC
ethernet cfm cc alarm-reset-time CcC
ethernet cfm cc alarm-start-time CcC SNMP
ethernet cfm cc enable CcC MA
ethernet cfm cc interval CCM

ethernet cfm domain

ethernet cfm enable (global) CFM
ethernet cfm enable (interface) no ethernet cfm enable CFM
ethernet cfm mep CFM MEP
ethernet cfm mip CFM MIP
ma name MA
ma vlan-group MA VLAN
CFM
22-15
12ping CFM  Loopback MP
I2traceroute CFM  Linktrace MP
show cfm CFM
show cfm remote-mep CFM MEP
show cfm fault CFM
show cfm |2traceroute-db I2traceroute
show cfm statistics CFM
clear cfm remote-mep CFM MEP
clear cfm fault CFM
clear cfm |12traceroute-db I2traceroute
clear cfm statistics CFM
restart cfm CFM
dump protocols cfm CFM
22.2.2 CFM
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22-31 CFM
AR REEA AHUS D
] C—{Jver 1oz —] O— C

| [ ) L | B [ |
I | MA “ma2_vlan200” [ |
| | VLAN 30, 40, 200 | |
| 1
i ! FAL LA
| MA “mal_vlan100”
I VLAN 10, 20, 100

A 00 2

(AW
Ac-Up WP 57 :Down MEP QO NIP  []: —k

1) MA
MA
MA MA
MA
MA VLAN MEP CFM PDU VLAN
primary-vlan vlan-group VLAN
VLAN ID VLAN VLAN

1. (config)# ethernet cfm domain level 1 direction-up
(config-ether-cfm)# domain name str operator_1
1 MEP Up MEP
CFM

2. (config-ether-cfm)# ma 1 name str mal_vlan100
(config-ether-cfm)# ma 1 vlan-group 10,20,100 primary-vlan 100
(config-ether-cfm)# exit
MAl1 MA MA VLAN VLAN

3. (config)# ethernet cfm domain level 2
(config-ether-cfm)# domain name str operator_2
(config-ether-cfm)# ma 2 name str ma2_vlan200
(config-ether-cfm)# ma 2 vlan-group 30,40,200 primary-vlan 200
(config-ether-cfm)# exit

2 MEP Down MEP
MA2 MA MA VLAN VLAN
(2) MEP MIP
MEP MIP
MEP MIP CFM

1. (config)# interface gigabitethernet 1/0/1
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(config-if)# ethernet cfm mep level 1 ma 1 mep-id 101

(config-if)# ethernet cfm mip level 2
(config-if)# exit

(config)# interface gigabitethernet 1/0/2
(config-if)# ethernet cfm mip level 1
(config-if)# exit

1/0/1 1 MAl
MIP 1/0/2
2. (config)# ethernet cfm enable
CFM
(3) CFM

CFM

1. (config)# interface gigabitethernet 1/0/1
(config-if)# no ethernet cfm enable
(config-if)# exit

1/0/1 CFM

(4) cC

ethernet cfm cc enable

MEP
1 MIP

CcC

1. (config)# ethernet cfm cc level 1 ma 1 interval 10s
(config)# ethernet cfm cc level 1 ma 1 enable

1 MA1l CCM

22.2.3 CFM
MA

10

MA
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22-32 CFM MA

MA “ma2_v|an200”

VLAN 30, 40, 200

|

|

|

|

|

|

|

|

I MA “mal_vlan100”
: VLAN 10, 20, 100
|

|

|

|

L

_______________ 4 N ———
(L)
Ao Up MEP QO NP
1) MA
MA MA MA
MA 22.2.2 CFM

1. (config)# ethernet cfm domain level 6 direction-up
(config-ether-cfm)# domain name str customer_6
MEP Up MEP
CFM

2. (config-ether-cfm)# ma 1 name str mal_vlan100
(config-ether-cfm)# ma 1 vlan-group 10,20,100 primary-vlan 100
(config-ether-cfm)# ma 2 name str ma2_vlan200
(config-ether-cfm)# ma 2 vlan-group 30,40,200 primary-vlan 200
(config-ether-cfm)# exit

MA MA MA VLAN VLAN
(2) MEP MIP
MEP MA MIP MA
MEP MIP 2222 CFM

1. (config)# interface gigabitethernet 1/0/1
(config-if)# ethernet cfm mep level 6 ma 1 mep-id 101
(config-if)# ethernet cfm mep level 6 ma 2 mep-id 201
(config-if)# exit
(config)# interface range gigabitethernet 1/0/2-4
(config-if-range)# ethernet cfm mip level 6
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(config-if-range)# exit
1/0/1 6 MA1l MEP MA2
MEP 1/0/2  1/0/4 6 MIP

2. (config)# ethernet cfi enable
CFM
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2.3 uor

LLDP
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23.1

2311

LLDP Link Layer Discovery Protocol

(1) LLDP
LLDP
LLDP
1 A
23-1 LLDP
AREHEC
JR— -
:
i R e
LDPDU - KEEB
System 1D <”r
Port ID H_HH
YLAN D% & i "'--.L|r 2
Al RERAN SRS
i 1HR
| kEmE KEECO
System 1D
VLAN 1D
I
" Port 104 &
23.1.2
1) LLDP
e |EEE Std 802.1AB-2009
MAC “ 01:80:C2:00:00:0E” LLDPDU
e |EEE 802.1AB Draft 6
IEEE Std 802.1AB-2009 IEEE 802.1AB Draft6 LLDPDU
IEEE 802.1AB Draft6 LLDPDU IEEE Std 802.1AB-2005
LLDPDU LLDPDU
23-1 LLDPDU LLDPDU
LLDPDU LLDPDU
IEEE Std 802.1AB-2009 IEEE 802.1AB Draft 6

IEEE Std 802.1AB-2005

IEEE Std 802.1AB-2009

IEEE 802.1AB Draft 6

IEEE Std 802.1AB-2009
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LLDPDU

IEEE Std 802.1AB-2009
IEEE Std 802.1AB-2005

IEEE 802.1AB Draft 6

LLDPDU

IEEE Std 802.1AB-2009

System Capabilities TLV

IEEE Std 802.1AB-2005

2) TLV
TLV
23-2 TLV
TLV name IEEE 802.1AB Draft 6 IEEE Std 802.1AB-2009
IEEE Std 802.1AB-2005
1
Chassis ID o o MAC
Port ID o o MAC
Time To Live o o
Port Description o o interface MIB
ifDescr
System Name o o system MIB
sysName
System Description o o system MIB
sysDescr
System Capabilities X o
Management Address X o
Organizationally-defined TLV o X VLAN ID
extensions VLAN
VLAN 1P
VLAN Address
IEEE802.1 Port X o
Organizationally VLAN ID VLAN VLANID
Specific TLVs
Port And x o
Protocol VLAN VLAN ID
VLAN ID
VLAN x 2
Name VLAN VLANID
VLAN
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TLV name IEEE 802.1AB Draft 6 | IEEE Std 802.1AB-2009
IEEE Std 802.1AB-2005
1
o X
1
IEEE Std 802.1AB-2009 LLDPDU System Capabilities  IEEE Std
802.1AB-2005
2
VLAN Name Length 0 VLAN
LLDP
(@) ChassisID
subtype subtype
subtype
23-3 Chassis ID  subtype IEEE Std 802.1AB-2009
subtype
1 Chassis component Entity MIB  entPhysicalAlias
2 Interface alias interface MIB  ifAlias
3 Port component Entity MIB  portEntPhysical Alias Entity
MIB  backplaneEntPhysicalAlias
4 MAC address LLDP MIB  macAddress
5 Network address LLDP MIB  networkAddress
6 Interface name interface MIB  ifName
7 Locally assigned LLDP MIB  local
23-4 ChassisID  subtype IEEE 802.1AB Draft 6
subtype
1 Chassis component Entity MIB  entPhysicalAlias
2 Chassis interface interface MIB  ifAlias
3 Port Entity MIB  portEntPhysicalAlias
4 Backplane component Entity MIB  backplaneEntPhysicalAlias
5 MAC address LLDP MIB  macAddress
6 Network address LLDP MIB  networkAddress
7 Locally assigned LLDP MIB  local
Chassis ID
] subtype MAC address MAC MAC
MAC
° subtype
° 255
(b) PortID
subtype subtype
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(©

(d)

(e)

()

subtype
23-5 PortID  subtype IEEE Std 802.1AB-2009
subtype
1 Interface alias Interface MIB  ifAlias
2 Port component Entity MIB  portEntPhysicalAlias Entity
MIB  backplaneEntPhysicalAlias
3 MAC address LLDP MIB  macAddr
4 Network address LLDP MIB  networkAddress
5 Interface name interface MIB  ifName
6 Agent circuit ID RFC3046  Circuit ID
7 Locally assigned LLDP MIB  local
23-6 PortID  subtype IEEE 802.1AB Draft 6
subtype
1 Port Interface MIB  ifAlias
2 Port component Entity MIB  portEntPhysical Alias
3 Backplane component Entity MIB  backplaneEntPhysicalAlias
4 MAC address LLDP MIB  macAddr
5 Network address LLDP MIB  networkAddr
6 Locally assigned LLDP MIB  local
Port ID
° subtype MAC address MAC Port MAC
. subtype
° 255
Time-to-Live
Port description
subtype
° Interface MIB  ifDescr
° 255
System name
subtype
° systemMIB  sysName
° 255
System description
subtype
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° systemMIB  sysDescr

° 255

(g) System Capabilities

IEEE Std 802.1AB-2009
subtype subtype
IEEE Std 802.1AB-2005
subtype
System Capabilities
[ ]

IEEE Std 802.1AB-2005

23-7 System Capabilities TLV

sysDescr

chassis ID subtype

subtype

System Capabilities TLV

system capabilities

MAC Bridge 1

enabled capabilities

MAC Bridge 1

IEEE Std 802.1AB-2009 IEEE Std 802.1AB-2005

subtype

(h) Management Address

IEEE Std 802.1AB-2009

IP MAC subtype subtype
Management Address
[ ]
Management Address TLV
23-8 Management Address TLV
management address subtype 1 IP IPv4
2 IP6 IPv6
management address lldp

management-address

interface numbering subtype 1 Unknown
OID string length OID 0
[
subtype LLDPDU Management Address TLV
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(i)  Organizationally-defined TLV extensions

e VLANID
VLANTag VLANID Tag
VLAN ID
o VLAN Address
IP VLAN VLAN ID

IP

() I|EEE802.1 Organizationally Specific TLVs

e Port VLAN ID

VLAN
VLAN VLANID
VLAN VLAN VLANID
6
e Port And Protocol VLAN ID
VLAN
VLAN VLANID VLAN ID
VLAN VLAN
7
e VLAN Name
VLAN
VLAN VLANID
VLAN Tag VLANID VLAN VLAN
VLAN ID
VLAN ID VLAN VLAN VLANID
VLAN ID Tag
VLAN ID VLAN VLAN
VLANTag VLANID 39
23.1.3 LLDP
(1)
° LLDP
° LLDP LLDP
(2)
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3)

LLDPDU
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23.2

23.2.1
LLDP

23-9

Ildp enable LLDP

Ildp hold-count LLDP

Ildp interval-time LLDP

Ildp management-address Management Address TLV

Ildp run LLDP

LLDP

23-10

show lldp LLDP

show lldp statistics LLDP

clear lldp LLDP

clear lldp statistics LLDP

restart lldp LLDP

dump protocols lldp LLDP

23.2.2 LLDP

(1) LLDP

LLDP

gigabitethernet 1/0/1 LLDP

1. (config)# 1ldp run

LLDP
2. (config)# interface gigabitethernet 1/0/1
1/0/1
3. (config-if)# lldp enable
1/0/1 LLDP
(2) LLDP
LLDP
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3)

1.

(config)# 1ldp interval-time 60
LLDP 60

(config)# 11dp hold-count 3
interval-time

60 x3 180

(config)# 11dp management-address ip 192.168.1.20
Management Address TLV 192.168.1.20
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A

A.l1 Diff-serv
A-1 Diff-serv
( )
RFC2474(1998 12 ) Definition of the Differentiated Services Field(DS Field) in the IPv4 and IPv6
Headers
RFC2475(1998 12 ) An Architecture for Differentiated Services
RFC2597(1999 6 ) Assured Forwarding PHB Group
RFC3246(2002 3 ) An Expedited Forwarding PHB (Per-Hop Behavior)
RFC3260(2002 4 ) New Terminology and Clarifications for Diffserv
A.2 |IEEE802.1X
A-2 |EEE802.1X
( )
IEEE802.1X(2001 6 ) Port-Based Network Access Control
RFC2865(2000 6 ) Remote Authentication Dial In User Service (RADIUS)
RFC2866(2000 6 ) RADIUS Accounting
RFC2868(2000 6 ) RADIUS Attributes for Tunnel Protocol Support
RFC2869(2000 6 ) RADIUS Extensions
RFC3579(2003 9 ) RADIUS Support For Extensible Authentication Protocol (EAP)
RFC3580(2003 9 ) IEEE 802.1X Remote Authentication Dial In User Service (RADIUS) Usage
Guidelines
RFC3748(2004 6 ) Extensible Authentication Protocol (EAP)
A3 Web
A-3 Web
( )
RFC2865(2000 6 ) Remote Authentication Dial In User Service (RADIUS)
RFC2866(2000 6 ) RADIUS Accounting
A4 MAC
A-4 MAC
( )
RFC2865(2000 6 ) Remote Authentication Dial In User Service (RADIUS)
RFC2866(2000 6 ) RADIUS Accounting
A.5 DHCP snooping
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A-5 DHCP snooping

(

)

RFC2131(1997 3 )

Dynamic Host Configuration Protocol

A.6 sFlow

A-6 sFlow

RFC3176(2001 9 )

InMon Corporation's sFlow: A Method for Monitoring Traffic in Switched and
Routed Networks

A.7 |EEE802.3ah/UDLD
A-7 1EEE802.3ah/UDLD
( )
IEEE802.3ah(2004 9 ) Part 3: Carrier Sense Multiple Access with Collision Detection (CSMA/CD)
Access Method and Physical Layer Specifications
Amendment: Media Access Control Parameters, Physical Layers, and
Management Parameters for Subscriber Access Networks
A8 CFKFM
A-8 CFM
( )
IEEE802.1ag-2007(2007 12 | Virtual Bridged Local Area Networks Amendment 5: Connectivity Fault
) Management
A9 LLDP
A-9 LLDP
( )
IEEEB02.1AB/D6.0(2003 10 | Draft Standard for Local and Metropolitan Networks: Station and Media Access
) Control - Connectivity Discovery

IEEE Std 802.1AB-2009(2009

9 )

IEEE Standard for Local and Metropolitan Area Networks: Station and Media
Access Control Connectivity Discovery
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